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CLINICAL AND EXPERIMENTAL 


TllVi DirPKRV.NTIAT. VANABATR SRlHAreNTATlON 

RE \CTION* 


II E Him J1 U , JI R ( S \m) E Ij 'Woodiiousi I’li E , A t( , 
Rihminoium, Engi \nd 


O UR luiowledgo coiiccimng the plij sicochcmical eolloidil piotem sjstem 
existing in blood seium is \ei} iccent and impeifect Piom clinical and 
pathologic standpoints some aiipi cciation of its complcxitj and significance is 
now being affoidcd bj icsearches, esptciall} in conditions ■where noimal eqiii 
libria appeal to be definitely modified Conti ibutioiis from these aspects haio 
been made bj Coke (1937) 11110 has applied the sodium lanadate reagent, iihioh 
lias introduced by Bcndieii (1931) as the precipitant in his diagnostic test for 
malignancy, employing the three phase method of sei inn llocculation ei oil ed 
by Cioiiin Lowe* (1933) as a means of seiutinizing the colloidal sjstem of 
the serum 

One of the present authois (D L W ) has extensiielj cmplojed the modi 
fied vanadate sedimentation leaction with a new to estimating its value as a 
diagnostic test foi caicinoma (Jones and AVoodhouse, 1936) and, although ic 
suits showed that it can not be legaidcd as a specific test foi cancer, these and 
subsequent studies coiifiim the suggestion of f lonin Lowe' (1933 34) and 
others, that when piopeilj inteipictcd it affoids useful infoimation foi piog 
nosis and foi contiol of theiapeutie measuies in malignant disease 

A similai conclusion is diann bj CoKe" (1937) conceiinng the application 
of the modified vanadate leaction to arthritis and to asthma, in which he claims 
It to be of great practical value To quote this investigatoi “It provides (1) 
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mlngham 
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a reading comparable in eveiy way to the erytliroejde sedimentation rate but 
. . . which is a truer indication of the actual clinical state. (2) Evidence of the 
state of the infectious processes present and the patient’s response to tliese 

(3) Evidence as to the ‘general toxicity’ and ‘general resistance’ of the patient. 

(4) The possibility of watching the progress of cases by serial examination and, 
in certain cases, controlling the tlierapeutic methods exhibited.” 

Since one of us (H. B. H.) was particularly interested in asthma, it va 
deemed of value in view of these assertions to observe the vanadate sediment/ 
tion values in asthmatics and to compare with the red blood sedimentation rj 




HUNT w oODnonsi snmM \A'NM>\Tt sedi-mlni mos nrAOTJON 


Toi each soium tliiec senes of piceipitation tests, A, B, and C, aie set out, 
using for cncli senes ten potlions of 02 cc, of eleai, nonliemol} zed serum, 
uhicli has been diluted uith an ctjual rolunic of distilled uatei , 1 cc of the 
ton aanadntc icagnifs (eoiitaiiiiiig 21, 22, 23, to 30 c e of N/10 sodium sanadate, 
each made up to a total aoliimc of 200 cc with N/10 acetic acid) is added to 
the tubes in oidei These in, immbticd in accoidancc aiith the iiumbci of 
cubic centimctcis of N/10 sodium aaii.idilc in 200 cc of the leagcnt, mz , 21, 
22, 23, etc 



The A senes is set up by using the diluted seiuni diiectlj, the B senes 
employs the same serum heated for tluity minutes at 56° C , and for the C 
senes the serum has been treated by extinction with ethoi The piecipitation 
with the A senes foi healthy sera becomes definite in tubes 26 and 27, and 
increases with the concentration and pH of the laiiadate leagent added In 
pathologic cases the piecipitation zone is shifted to tlic left oi moie laicly to 
the right In the B senes the amount of precipitation foi any specified reagent 
is usually distinctly less than in the coiicsponding A series and is definiteh 
greater in the C series 

In assessing the results for any individual test, tliiee factors must be 
considered 
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Differential SedhneAitation Ratio . — ^After estimating' the amount of 
,^3feeipitate produced in the various tubes in suitable units, by means of the 
interferometer or other accurate method, the graph of the degree of flocculation 
is drawn for each of the three series (see charts). The sedimentation ratio may 
then be calculated for the specimen at any desired point. This is the difference 
in flocculation at that point between the A and C series compared with the 
difference in flocculation between the A and B series as expressed by the ratio 
C - A 
A - B' 



°/o DEVIATION 


Chart 3. — ^Asthma "Type 11 " chart. 


Since the most sensitive part of the precipitation zone was found to lie in 
the position where the precipitate from the untreated serum registered 40 units 
on the Zeiss interferometer when dissolved under standard conditions, the ratio 


is taken at this position for comparing sera (i.e.. 



Chart 1). For nor- 


mal sera this occurs in the majority of eases at tube 27. 


2. Sedimentation J) emotion. —An alteration from the “normal” so that it 


occurs at tube 26 (see charts) is designated a sedimentation deviation of 10 per 
cent, if at tube 25, 20 per cent deviation, and if at tube 28, -10 per cent devia- 
tion : i.e.. one tube represents 10 per cent. The deviation may be sometimes as 
much as -flOO per cent or -25 per cent in pathologic cases. 
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Aceoi'diiig to the original Eeiidien hypothesis, a marked positive deviation 
indicates malignane.y, hut large deviations ivere found to he exhihited in many 
Iiathologic conditions. 

Cronin Ijowe' suggested that the ratio ^ ^ at the 40 unit precipita- 
tion point was a more reliable index. This is the basis of his modified vanadate 
reaction, the ratio being greater than uiiitj- with malignant sera. As previously 
mentioned, thi.s has been found to be not entirely reliable, but the fact has been 
confirmed that the ratio often becomes more normal in type when the cancer is 



responding satisfactorily to therapeutic measures. Coke believes that the whole 
picture expressed by the three curves (see Charts 1 to 7) should be studied in 
considering any case. 

3. Dotted and Striped Fields.— Ihe area between the A and C curves 
(.shown by dots and called tlie dotted field) is believed to indicate tlie degree 
of intoxication, and the area hetivcen the A and B onrve.s (shoim by .stripes 
and termed the striped field) to be a measure of the resources of the patient in 
combating the infection. 

Coke also claims that by means of the differential sedimentation reaction, 
it is possible to divide asthmatics into three groups wliich correspond to the 
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clinical classification so commonly employed, viz., pnre allergic, infective, and 
mixed types. The features of these types from the point of view of the diifer- 
cntial sedimentation reaction, are summai-ized below: 

Type I. Pure Allergic Type (Chart 2) 

Diftereiitial ratio generally above 3. 

Percentage deviation commonly negative. 

Dotted field enlarged, striped field reduced. 

Type 11. Bronchial Infective Type (Chart 3) 

Differential ratio usually below 1. 

Percentage deviation positive and often high, e.g., 20 per cent. 

Dotted field normal, striped field increased. 

Type III. Mixed Type 

Differential ratio commonly between 1 and 2. 

Percentage deviation variable, e.g., 30 per cent to -10 per cent. 

Dotted and striped fields enlarged. 

For the red blood cell sedimentation determinations described in this paper 
the micromethod employed in the Midhurst Sanatorium (Vide jMidhurst Report, 
1933-34) was used. It lends itself to routine clinical estimations, requiring only 
a small volume of blood, and is simple in procedure. The sedimentation tubes 
ai’e of thick glass, 15 cm. long, 1.13 mm. bore, and are graduated in millimeters. 
For each test 0.4 e.e. of the same sample of venous blood as used for the vanadate 
..action is draum into a 1 e.e. syringe containing 0.1 c.c. of sterile 3.8 per cent 
sodium citrate solution, thoroughly mixed in a capsule, sucked into the sedi- 
mentation tube, adjusted so that the column is 100 mm. in length, and set up in 
the rack at room temperature. 

After one hour the clear zone is observed, its depth in millimeters being 
the figures recorded as the sedimentation rate. From the citrated blood a film 
was prepared from which the eosinophile count was made after staining with 
Jenner's stain. 

MATERIAL AND RESULTS 

The series of eases presented in this paper are made up of a group of 50 
patients suftermg from bronchial astlima, a group of 25 patients suffering from 
various other nonmalignant conditions uncomplicated by asthma, and a group 
of 50 patients with definite and moderately advanced malignancy. 

The last two groups are taken from the sera examined since the initial com- 
munication by one of the present wi'itei’s (D. L. "W.) on the modified vanadate 
reaction (Jones and 'Woodhouse) and comprise additional material, since the 
full charting method was not employed in the previous investigation. 

The results of all the analyses were charted according to the method out- 
lined above, and the deviations and ratios so calculated are listed in Tables I 
to Y. Differential sedimentation curves of some tj'pieal eases are also included 
in Charts 4 to 7. 

It has been satisfactorily demonstrated by other workers, e.g., Guttler 
(1932). Kessler (1936), and Reieliel (1936), that there is no specific correla- 
tion between neoplasia and the rate of blood corpuscle sedimentation, tliough 
there is an increased rate of fall in many cases of malignancy probably due 
to ti.ssue destruction. Therefore, no sedimentation figures are given for these 
cases included in Tables II and 1 . 
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DISCUSSION 

Of the 50 astlim.itics e\miiuc(l m the picscnt nuestigation 19 had latios 
of tlic tipc ioinicib tailed "milignant,” although the piohahility of undt 
lotted tantti among this gioup was iclatncly small tonsidciing the ages ol the 
p itiLuts, tte 

The senes of malignant eases m this nuestigation jielded a eeij high pio 
lioition ol latios “positue foi laneti,” Ma , 86 pel tent (Table IV) Possible 
this IS due in pail to the 1 let that the jiatients m question ueie all in a model 



o/oDEVIATION 

Chart 5 — Nonmali&nant case (No 624 Table IV) 

atelj ad\anced, though not terminal, state The series of nonmalignant cases 
also has yielded a falll^ satisfactoij ictiun m that 76 per cent of “negatne” 
retmns arc lecorded (Table V) 

In ie\ lowing the clinical data of the a&thmatic patients the following points 
^vele noted age and sex famih histoit of alleIg^, pieseiice of any other allergic 
disease, any acute pathologic piocess m action, and anj treatment in eouise In 
20 cases the tests were earned out piior to anj specific treatment 

Tables I, II, and III contain results and data iele\aiit to the asthmatic 
patients They have been grouped into thiec divisions from a consideiation of 
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Tabie IV 


XoNsruioNWT Cvsrs (Patiiowgic) 


LAB 

NO 

1 \THOU)niC CONHITION 

SFniMFVTATIOV 

DEV lATlON 

PEP CENT 

DIFFFPENTIVL 

SFDIVIFNTVTION 

PATIO 

501 

Lmpvem'i 

90 

14/29= 0 5 

509 

Gtistnc ulcer 

SO 

4/28— 014 

J ■> i 

Jfcnopius \I Iioinorringe 

24 

4 8/8= 00 

554 

? tuberculo'!i3 

75 

4/16— 0 25 

590 

A'’cncro'il disease (? cured) 

20 

0/ 8 = 0 75 

COl 

Ulcer pilite (histologic illv non 
roslign int) 

15 

4/28= 3 3 

G02 

For repair uterus 

80 

4 8/20 = 0 28 

Oil 

Tuberculosis palate (historj non 
malignant) 

50 

10/20= 0 5 

CIS 

Load poisoning 

3S 

25/30= 0 7 

023 

llheumatoid arthritis 

55 

2/28= 0 07 

024 

Gastric ulcer 

2S 

4/12= 01" 

02S 

Taundice (relieved) 

50 

12/18= 0 7 

020 

Gastric ulcer 

•>2 

20/20= 1 0 

OSO 

Colitis 

10 

28/30= 0 9 

041 

Dv snienorrhea 

25 

4/30= oil 

044 

Diabetes 

50 

12/20= 0 40 

040 

Ovarian evst 

30 

0/12= 0 5 

050 

Gastric ulcer 

32 

12/14= 0 8 

631 

Diabetes 

15 

20/20= 1 0 

500 

Duodenal ulcer 

25 

48/24= 2 0 

501 

Djsnionorrhca 

4 

40/20 = 23 0 

518 

Duodenal ulcer 

20 

50/28= 2 0 

107 

( holecvstifis 

20 

72/14= 5 2 


Hrnni hopncuinoni i 

SO 

14/14= 3 5 

034 

Dvhnienorrhc i 

18 

”2/28= 11 

009 

Normal ho ilth) 

0 

2 4/22 = 0 18 

010 

Normal health) 

12 

20/24= 0 8 


the tjpe of chait obtained Talilc I contains those cases in ^^hlch onl> slight 
dc\iations -weie CMdent, the gieatcst being 8 pei cent and the lo\\est -4 per cent 
In Table II the deviations aie in c\ci\ case 10 pei cent oi grcatei and all posi 
tue In Table III the scia giving maiked negative deviations aic set out In 
each case these gioups have been subdivided into two sections, A and B, the fiist 
compiising those in which the sedimentation latios wcie appio\iinatelj equal to 
or less than unity, and the second cont«iiniiig those with latios definitclj gieatei 
than unity 

This method of pieseiitation of results should, if the claims of Coke can be 
accepted as geneiall} valid, distribute the eases into the clinical groups viz, 
allergic, infectious, and ini\ed Emplojing this method of inteipictation, it is 
obvious that the cases included in Table IIA and those in Table IIIB should 
in the mam coincide lespectivelj with the “bionchml infective” and “pine 
alleigic” tvpes of asthma How ever, of the 12 eases m Table IIA, onlv 5 could, 
on clinical grounds, he found to possess anj similaiitj to the “bionchial mfec 
tive” tjpe of asthma, and of the 7 eases in Table IIIB, onlj 3 showed anj degree 
of clinical coircspondcnce Clinically there seemed to be no maiked diffeieiiec 
between those cases m the two groups just mentioned which failed to collide 
and tho«'e iii othei gioups, such as Tables lA and IB 



12 


THE JOUKKAL OF LABORATORY ANT) CLINICAL MEDICINE 


Table T 

Malignant Cases 


LAB. 

NO. 

PATHOLOGIC CONDITION 

SEDIMENTATION 

DEVIATION 

PER CENT 

DIFFERENTIAL 

SEDIMENTATION 

RATIO 

502 

Carcinoma cen-ix 

25 

26/15 = 1.7 

503 

Carcinoma breast 

18 

44/12 — 3.7 

505 

Epitlielioma penis 

10 

88/12 = 7.3 

522 

Carcinoma breast 

30 

30/12 = 1.9 

526 

Carcinoma thyroid 

10 

38/10 = 3.8 

528 

Carcinoma breast 

25 

40/16 — 2.9 

530 

Carcinoma stomach 

90 

15/12 — 1.25 

540 

Carcinoma bronchus ivitli 
secondaries 

90 

24/16 = 1.5 

o4{» 

Adenocarcinoma pelvis 

100 

12/10 = 1.2 

548 

Sarcoma femur 

10 

42/20 = 2.1 

0 jy 

Carcinoma stomacli 

10 

40/24 — 1.7 

562 

Carcinoma breast 

20 

46/14 — 3.3 

566 

Carcinoma stomach 

90 

22/1 0 9 2 

o7S 

Osteogenic sarcoma 

20 

44/24 =: 1.8 

5S" 

Spheroidal cell carcinoma breast 

25 

46/20 = 1.8 

592 

Carcinoma cervix 

32 

28/12 — 2.3 

615 

Carcinoma stomach 

60 

40/ 4 = 10.0 

616 

Carcinoma colon 

SO 

24/12 = 2.0 

022 

Carcinoma stomach 

50 

40/ 4 — 10.0 

027 

Carcinoma lung 

60 

24/ 4 = 6.0 

CIS 

Caicinoma stomach 

40 

23/ 2 = 11.5 

550 

Recurrent carcinoma breast 
(glands) 

30 

4/16 = 0.25 

531 

Carcinoma cervix 

20 

10/30 = 0.33 

047 

Epithelioma vuh a 

30 

4/24 = 0.17 

026 

Carcinoma cervix 

40 

33/40 = 0.8 

513 

Carcinoma breast 

14 

40/32 = 1.25 

519 

Carcinoma perineum 

30 

28/ 5.0 = 5.6 

320 

Carcinoma colon 

70 

16/12 = 1.3 

521 

Carcinoma breast 

10 

26/14 = 1.9 

d2o 

Epithelioma tongue 

22 

24/ 4 = 6.0 

527 

Epithelioma face 

10 

46/27 = 1.7 

531 

Epithelioma tongue 

34 

36/18 = 2.0 

532 

Epithelioma tongue (recurrent) 

30 

52/30 = 1.7 

533 

Carcinoma breast 

10 

76/11 = 4.8 

334 

Epithelioma floor of mouth 

24 

40/20 = 2.3 

OOJ 

Carcinoma lung 

55 

30/ 2 = 15.0 

342 

Epithelioma tongue 

18 

60/12 = 5.0 

543 

Carcinoma breast 

18 

26/12 = 2.2 

343 

Carcinoma ovarv 

52 

10/14 = 1.1 

553 

Epithelioma ear 

40 

36/28 = 7.3 

503 

Carcinoma breast 

40 

40/12 = 3.3 

567 

Epithelioma tongue 

55 

33/ 6.8 = 4.9 

•■jo5 

Epithelioma nipple 

10 

28/10 = 1.8 

508 

Epithelioma face 

33 

41/24 = 1.7 

572 

Carcinoma breast 

30 

65/ 0 =10.9 

004 

Epithelioma face 

25 

40/46 = 1.0 

025 

Carcinoma cervix 

50 

32/12 = 2.7 

539 

Epithelioma tongue 

10 

28/40 = 0.7 

•jOI 

O'*.?, 

J^pUhoHoma lip 
^aroinoma cerrix 

10 

30/44 = 0.8 

35 

16/24 = 0.7 
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On the continij nii uncoinplicdted case o£ haj asthma (880) examined 
nlitii sunptoms neie present did not slio« tlic txpical seiologic findings nhieh 
aicoidiiig to Coke chai.icteuze the “pme alleieic” gioup In .inothei nistance 
,1 p.ilieiit (S8d), nho on clinicdl gioiinds noiild be plated m the “bionchial 
niftetne” gioiip, g.ut a noiin.il diftcicntial sedimentation leattion 

But although we wcit not able to distinguish bj means of the sediinenla 
tioii data bctMcen the clinical tjpes as dcfiiiitclj as uould be expected from the 
dcseiiption bj Coke, let the cases studied picsentcd distinguishing featincs 
ns a 11 hole Thus among the 75 pathologic cases not one instance of a nega 



tiie serum sedimentation dciiation nas ciicountcied iihile among the asthmatics 
no less than 15 oeeuried iiith definite negatiic donations, and 11 of these to the 
extent of 10 per cent or moie 

It did not seem possible, lioiieiei, to coriclato the indiiidual results of the 
diffeiential sedimentation tests iiitli the clinical picture iii a maiinei uliieli lias 
thoroughlj convincing 

Also examination of Tables I, II, and III shows that it is difficult to coi- 
relatc the blood sedimentation rate with the peieentage deiiation Thus definite 
acute infections (864, 876, Table I) with fast sedimentation lates had normal 
donations while norma! sedimentation lates (Table 11) Mere accompanied bj 
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high deviations. Again in Table III, where high negative deviations are 
grouped, there is no evidence of very slow blood sedimentations. 

Since negative deviations seem to be so characteristic of asthma, it was con- 
sidered possible that a relationship might exist between these and the eosiiiophile 
count. The eosiiiophile counts in Tables I, II, and III were not in all cases 
made from the same samples of blood wliieh were emploj'ed for tlie blood sedi- 
mentation rate and differential sedimentation reaction estimations. Usually, 
however, they were prepared within a few weeks of these tests. 



The average eosinopliile count for the ca.se.s with negative deviations (Table 
III) is 6.5, and for those cases with positive deviations (Table II) is 6.7. In 
the prc.sent eircuinslances so small a difference appears of no significance. It is 
thus not po.ssihle to correlate the type of deviation with the eosiiiophile count. 


.SLMIMARY AND CONCLUSION 


Tin- differential serum sedimentation figures have been determined 


for 


7-'*^ patients, a .croup of 50 malignant patients, and ‘^5 m. 

xuv the valu.-^ 7''”^ di.sna.ses. and the corresponding charts drawn 

.Klimentafmn' •'-‘^tbinatic series determinations of the red lilood corpuscle 

-uid tjn. fosinoplnle counts were also made. 
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Tlie difTeicntial scrum sedimentation tests did not aiipcai to gue definite 
mfoimation fiom llic point o£ ■\lc^\ of clinical classification of the asthmatic 
patients About 30 pci cent of these, hm\c\ci, shoi\cd a \ei 3 definite negatuc 
dcMation, a feature not oliscncd m othei gioups 

It A^as not found possible to coiiclntc the dcgicc of cosinophilia A\ith the 
sedimentation dcMation oi A\it)i the blood coipuscle sedimentation rate 

The \anfnlite pediniontatlon estimation** haxo been carried out as a part of the Inquirj 
Into serological reaction** c'lpeclallj In relation to malignant disease b> one of the authors 
(D l4.A\ ) under the uti*>picos of the Ilrltl**h Tinpirc Cancer Campaign Birmingham Section For 
facilities In connection ■\\lth the Asthma Clinic Patients our best thanks are due to Professor 
A\ H A\ 5 nn 


RErniEVCcs 

1 Bendien, S G T Specific Changes in Blood Serum, Tran-l Lj A Pmc\, London, 1931 

2 Coke, II Chnrterhouso Bhcumatism Clmic Original Papers, The Diffeiential Sedimenta 

tjon Test 1 43, 1D37 

3 Guttler, J Practical \,ppIication of Blood ^Sedimentation Test in General Jledicine, 

Am J M 183 043, 1032 

4 Lowe, E C Quantitati\p Arodification of Bendicn Ilcaction m *>ero Diagnosis of 

JlalignancN, Brit M J 1 407, lO^S 

3 Loue, E C "N ahic of Serum Reactions m Badiotlicr iiw of Cancer, Brit J Badiol 6 207, 
1933 

0 Loue, E C Serological Obscriations From Ca^es of C nicer Under Treatment, J State 
Alcd 42 444, 1934 

7 Jones, R E, and Woodliouso, D L The Modified Vanadate Serum Malignancy Test, 

Quart J Afed 5 141, 10 0 

8 Kessler, R Dio Blutkorpcrclicnsenkungrcaclion in der DjITercntnldiagiioso maligner 

Tumoren, Deutsch med A\chn<tclir 62 238, 10J6 

9 Reichel, H (Vienna) Blutktprperolicn^onkung bci mahgncn Tumoren, Med Klin 32 

17C9, 1930 


TRICHOSTRONGYLUS COLUBRIFORJIIS IN THE UVUAK 
APPENDIX* 


Report of a Case in Louisiana 


John R Schenken, jNF D , and E S jMoss, 3\I D , New Orleans, La 


A NEJIATODE A\as discoACied iii the appcndicml content of an 11 jeai old 
A\hite female, natne of Louisiana, ■\\Iiose appendix bad been iemo\ed 
because of lecurrent attacks of abdominal pain Piofessoi E C Faust, of the 
Tulane Uni\eisity Scliool of Medicine, identified the paiasite as an adult male 
Tnchosti ongyhis coluhtifoimts Alfhoiigh membeis of the Tiichostrongj loidea 
are commonlj present iii the intestinal tiact of sheep and goats in North Amei 
ica, no instance of liuman infection AMth this parasite has been piCAioush ic 
poited in the ‘Western Iiemisphcie Human paiasitism bA T cohth) ifoi mis has 
been obseiAcd in Egjpt, India, Annenia, and Austialia, paiticularly among 
indiAiduals in sheep and goat laising localities Altliough aac do not bolieAt 
that the parasite AAas lesponsiblc for the complaints of the patient, aac feel that 

its discoA ery in the intestinal canal of a liuman being should be recorded 



•Prom the Departments of Patholofrj and BacterIolog\ of the School of Nedicim* 
Louisiana State University and the State Chant) Hospital of Louisiana New Orleans 
Received for publication Januarj 10 1938 
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REPORT or CASE 

On August 15, 1037, P. S., an 11-year-old white female, experienced a sudden clamp- 
ing abdominal pain uhich localized to the right of the umbilicus. 81ie soon became nauseated 
and vomited several times. The administration of a mild laxatue caused no alteration of the 
.svmptoms. The pain persisted as a dull discomfort uith knifelike exacerbations, but never 
liidiated or became localized in the right lower quadrant. She was admitted to the Charity 
Hospital on August 29. She had experienced headache. %ertigo, and mild attacks of ab- 
dominal pain for about one year, whicli was thouglit to be caused by a chronic recurrent ap- 
pendicitis. On admission the physical examination reiealed a -a ell-iioiii ished and well developed 
ambulatory child, with a normal temperature, pulse rate, respiratory rate, and blood pressure. 
Except for slight tenderness and rigidity of the abdomen, about 5 cm. to the right of the 
umbilicus, the phjsical findings uere normal. An appendectomy was performed on August 31. 
The surgeon saw no evidence of an acute inflammation or peiiappendicial adhesions. The 
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Since several of the standaid textbooks of parasitology contain excellent 
descriptions of tlie Trichostrongyloidea, we are only submitting a drawing of 
the bursa of the specimen, showing the characteristic copulatory spicules. 

DISCUSSION 

According to Craig and Faust (1937) seveial hundred ■\^orIns are necessaiy 
to provoke marked clinical manifestations. Our case sliowed no anemia or emacia- 
tion and undoubtedly was a light infection, possibly only a single worm being 
present. In view of the fact that two other parasitic species were discovered in the 
intestinal content, we were unable to hold the Trichostrongylus responsible for 
the mild chronic inflammation in the appendix. The patient’s symptoms and 
signs suggested an appendieial colic and, althougli the parasite may have been 
a factor in the production of spasm, the Entcrohiiis alone could initiate these 
symptoms. No definite information could ho olfiainod regarding the source of 
the infection. The i)atient lives in (he city and her only contacts with ruminants 
W’cre those at the municipal jmrk and an occasional visit in the country w’hcre 
\ery few sheep or goats aic raised. 

SUMIIARY 

1. An instance of TriclioUrongylm cohihvifonnis in the human appendix 
is reported. 

2. No ctiologic relationship between the parasite and the ni)pendicial in- 
flammation can 1)0 established. 
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JIASSIVE DOSES OF VITAMIN D IN CHRONIC ARTHRITIS: 
ITS EFFECT ON CALCIUM IMETABOLISM* 


Charles LeRoy Steinberg, M.D., Rochester, N. Y. 


T he first paper on the use of vitamin D in massive doses appeared in Sep- 
tember, 1935.^ In that publication Dreycr and Reed reported the results of 
tw'o years’ experience in the use of massive doses of vitamin D in 10 cases of 
infectious arthritis, 24 cases of atrophic arthritis, 14 cases of hypertrophic 
arthritis, 4 cases of menopausal arthritis, 3 cases of mixed arthritis, 5 cases of 
miscellaneous joint cases, and 7 cases of so-called arthralgia. Of this entire 
group 44 patients manifested clinical improvement, 13 patients were clinically 
unimproved, and in 10 patients the results w^ere uncertain. These clinical in- 
vestigators employed 200,000 to 1,000,000 units daily of vitamin D. The usual 
dose -was 200,000 to 300,000 units daily. 


•From the Department of Medicine, Rochester General Hospital. 
Received for publication. January 21, 1938. 
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by the first publication noted above, appeared in 
April, 1936.^ Vrtiak and Lang reported the result of therapy with massive 
doses of vitamin D in 20 eases of atrophic arthritis in their study. They em- 
ployed 150,000 to 300,000 units of vitamin- D daily. The duration of treatment 
varied from three to ten months. Twelve of the patients showed a varied degi-ee 
of clinical improvement. Eight of the 20 cases showed no improvement. Tlie 
third report concerning this method of therapy appeared in October, 1936." 
Wyatt and his co-workers reported on the use of 200,000 to 300,000 daily units 
of vitamin D in the treatment of 40 patients having atrophic arthritis. Eight 
of this group showed definite clinical improvement. The treatment failed in 24 
cases. It was necessary to abandon the treatment in 8 cases because of unfavor- 
able reactions. Thus clinical improvement lias been reported in 46.7 per cent 
of 13/ eases of artliritis, of whieli the majority ivas the atrophic type. More 
recently, Livingston^ has reported good results hy combining fever therapj' with 
massive doses of vitamin D. 

None of these investigators lias reported any detailed study of the effects 
of massive doses of vitamin D on the serum calcium or serum phosphorus. They 
have been concerned chiefly with the clinical results. The effect of such therapy 
on the serum calcium and phosphorus was undertaken in this investigation. 

Though much remains to be learned about normal calcium and phosphorus 
and even more is unknown of abnormal calcium-phospliorns metabolism, from 
the maze of calcium-phosphorus studies, several known facts have become estab- 
lished. In a normal sub.iect the blood calcium is stabilized at 10 mg. per lOf) 
c.e., the variation being 9 to 11.5. The scrum phosphorus is stabilized in the 
neighborhood of 3 to 4 mg. per 100 c.c. The various factors which maintain 
these noi’inal values and which upset tliem in a diseased state are not entirety 
known. What was thought to be one substance as regards a normal serum 
calcium is now thought to be three or four physiochemical divisions of this 
element. The previously accepted concept of these three states was that the 
serum calcium was made up of (1) a nondiffusible, nonionized fraction which 
was in loose combination witli a serum protein (about 5 mg. per 100 c.c.); (2) 
a diffusible, nonionized fraction (about 3 mg. per 100 c.c.); and (3) a diffusible 
ionized fraction (about 2 mg. per 100 c.c.). The more recent concept divides the 
serum calcium into four fractions ; two diffusible and two nondiffusible portions. 
iilcLean and Hastings" are of the opinion that two of these fractions, the free 
ionized calcium and the calcium bound to the serum protein, are important to 


human economy. 

Four or five factors operate to affect the serum calcium and phosphorus in 
a normal subject; these are (1) the calcium intake, (2) the phosphorus intake, 
(3) the hormone from the parathyroid gland, (4) vitamin D, and (5) the fer- 
ment phosphatase. There are some writers' who believe that the ingestion of 
calcium per sc has no effect on the blood calcium; others believe contrawise. 
The latter group' claim that the period in which the blood is drawn for analysis 
after \he calcium ingestion is most important. The phosphorus intake has a 
pronounced effect on the blood calcium. The ingestion of phosphorus in large 
Lcoc in the form of sodium acid phosphate, has the following sequelae; (1) 
secretion of the excess phosphate in the urine, (2) a fall in an elevated serum 
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palcium, (3) an inciojso in output of fecal calcium, and (4) a fall in the calcium 
output in the ill me These sequelae result from the foimation of insoliihle 
calcium salts m the intestine 

The paiatliyroid hormone® laises the seium calcium and lowers the seium 
pliosplioius, it incieascs the e\cietion of ealcium and phosphoiiis in the urine, 
it HIM eases the ionized calcium in the blood The increased demand for calcium 
IS eithei withdiawn from bonj tissue or else supplied fiom a large amount of 
ingested calcium Cantarow'’ has shown that utamin D in e\cessivc amounts 
causes a rise in the level of blood calcium oi phosphorus oi both The extra 
talciiim maj come fiom increased absoiption from the intestine, from better 
calcium utilization, or bv withdiawal fiom the osseous tissue The exact mannei 
in which vitamin D brings about these changes is unknown Some’" believe 
that vitamin D stimulates the paiatlijroid tissue diiectlj Hovvevei, there aie 
manv diffeiencos in the phaimacodj namics of vitamin D and parathvioid hor 
iiioiie whuli make tile above liipotliesis unlikch Tiie readei should lefer to 
moie det iilid studies oi calcium metabolism on this eontioveisial subject 

Vitanim D also affects the ferment phosphatase, which is an ubiquitous sub 
stance in luinnii ecoiioniv It has been found in such diveise tissues as the 
iiitcstinal mucosa, kidiiev, hone, spleen, livei, pancioas, lung, ceiebiiini, muscle 
milk, mine, bile, and otluis It is eliemicallv capable of splitting or hjdiolyzmg 
both aliphatic iiid aiom itii estpis of monophosphoi ic acid Vitamin D has the 
powoi of ustoiing this fcimoiit to the bone matiix wlieio it cventuallv brings 
about pieeipitntion of tnoalcuim phosphate foi bone foimation 

Oiii studv coneoins itself with the clinical cfTects obseived in the use of 
massive doses of vitamin D in the tieatment of chionie aithiitis and the possible 
lelationship of this effect to the changes in the blood calcium We have admin 
isteied this substanee m usual doses of 160,000 U S P units daih to 40 oases of 
ehronie arthritis Of the 29 cases of ati opine aithiitis ticatcd, 10 showed elm 
ical impiovemciit and 19 showed no impiovement vvhatsoevei Of the 7 cases 
of hjpeitiophic arthiitis tieated, 2 showed elinical impiovement, the results 
were questionable in one case, and failed in 4 cases One case of Still’s disease 
ticited showed verv' definite improvement Two cases of joint disease of un 
known tjqie, one of which showed marked osteopoiosis aiound the shouldei 
giidle, and one case of arthialgia weie definitelj impioved One case of Mane 
Striimpell aifhritis showed no clinical improvement bj this method of treatment 
Thus, clinical impiovement was noted in 14 cases or 35 pel cent of the 
total treated, 26 eases or 65 per cent were unimproved Thiee cases of the 
lattei gioup vveie definitely aggravated Of the 29 cases of ati opine arthritis 
improvement was noted in 10 eases oi 34 per cent 

Initial ceiiim caleiuiii and phosphorus deteimniatioiis weie made in 32 cases 
The average serum calcium in 25 eases of ati opine arthritis was 11 50 mg per 
100 cc Seventeen of this gioup had calcium values above 11 mg Eight of 
this group had calcium values of 12 mg and more The phosphoiiis determina- 
tion 111 23 eases of ati opine arthritis was normal with the exception of two in 
stances, in which the leadings were 2 7 and 2 9 mg, respectiv elj' The average 
age of the male ati opine aithritie studied was thirty nine jears, the lange being 
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Table I 


Tabular Study of Detailed Gai.civu and Phosphorus DEruRjiiNATioNs in Twelve Cases 





IXJTIAL 


CASE 

HEMATOLOGY 

CTJI/TURES 

CALCIUM 

AND 

p:iospnoRU£ 

effect massive doses 
■VUTA.^ riN D 

62-year-old white fe- 
male with marked 
oisteoporosis of 
shoulder girdle. Pain 
in alioulder 18 
months. 

E.E.C. 3,980,000 
Hb. 76 per cent 
Sahli 

W.B.C. 6,000 
Sed. rate 0.62 
.Stabnucleais 6 
per cent 

Throat 60 
per cent 
Strep, 
hemolytteux 

Ca 11.7 

At the end of 3 week.s 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 13.5, P 4.9. 
No improvement. After 
6 weeks such medica- 
tion no improvement 

l.l-year-old white 

male with abduction 
of arms limited to 
20 degrees. Painful 
wi ists and shoulders 
for IS months. 

E.B.C. 4,860,000 
lib. 94 per cent 
Sahli 

Sed. rate 1.55 
Stabnuciears 3 
per cent 

Throat nega- 
tive for 
Strep, hemo- 
lytioius. Skin 
tests posi- 
tive for 
Strep, rin- 
(la7ts 

Ca 10.6 

P 4.7 

At the end of 2 weeks 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 13.1, P 4.3. 
Patient able to use both 
shoulders in all ranges 
of action 

33-year-old white fe- 
male mth typical 
atrophic arthritis of 
major joints of bodj- 
for S months. No 
clinical results with 
vaccine therapy 

•Sed. rate 0.52 
Stabnuciears S 
per cent 

E.B.C. 4,270,000 
Hb. 86 per cen' 
Sahli 

W.B.C. 8,000 

Dental 

abscess 

Strep. 

‘Viridaixx 

ICa 10.7 

P 4.2 

No improvement at the 
end of 3 weeks treat- 
ment vitli daily doses 
of 160,000 units vit. 
D; 2 months later Ca 
13.1. Definite clinical 
improvement 

Go-year-old white 
male with multiple 
joint pains for 6 
years. Undiagnosed 
type of arthritis 

E.B.C. 4,750,000 
lib. 94 per cent 
Sahli 

W.B.C, 8,000 

Sod. rate 0.34 
Stabnuciears 6 

1 per cent 

Throat nega- 
tive foi 

Strep. 

hemolytteux 

i 

Ca 9.7 

P 4.8 

At the end of 3 weeks 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 10.8, P 2.8. 
Clinical improvement 

marked. 4 months later 

Ca 12, P 3.4. Improve- 
ment maintained 

33-year-oId white fe- 
male with typical 
atrophic arthritis of 
several years ’ dura- 
tion 

Sed. rate 0.40 
Stabnuciears 9 
per cent 

E.B.C. 3,360,000 
lib. 07 per cent 
Sahli 

! Throat nega- 
i tive for 
Strep, 
hemolyticus 

Ca 10.3 

P 4.7 

At the end of 3 weeks 
tieatment with daily 
doses of 100,000 units 
vit. D, Ca 13.3, P 4.1; 

1 month later Ca 13, P 
3.9. Clinical improve- 
ment marked. 1 month 
later Ca 9.3, P 3.6; 1 
month later Ca 11.8, P 
3.2. Clinical improve- 
ment marked. 2 months 
later developed acute 
exacerbation and for 
the first time had flex- 
ion deformity of right 
elbow 


32 to 49 years. TJie average age of tlie female atrophic artliritic was 45.3 years, 
the range being 32 to 79 years. The average blood calcium in 7 eases of hyper- 
trophic artliritis was 11.2 mg. per 100 c.c. Two had values of 12 mg. or more 
and 5 of the group liad a value about 11 mg. The average blood phosphorus 
in 6 cases of hypertrophic arthritis was 4.20 mg. 

The finding of high normals of serum calcium and even hj-pcrcalcium values 
in chronic arthritis, particularly in the atrophic tj*pe, in this series of cases 
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Tablf I — Cost’d 


CASE 

IlFMATOI OC\ 

COLTUFES 

INITIAL 

CMCIUM 

VND 

I Hosi noi us 

EFFFCT M\SSI\E DOSES 
\IT\5riN D 

Tljosrold ultitc fc 
male with flexion dc 
formity of finfjers 
and marked ostco 
porosis of hands 

HHC l,lja,000 
Ilb SS per cent 
Sahh 

Uric ncid 2 7 

Sed rate 1 05 
Stahnuclcars It ; 
per cent 

Negatwe 
throat for 
Strep 

hcmoJtfUcu^ 

Ca 1” 2 

P '•S 

At the end of 1 week 
treatment with daih 
dn‘5c=i of 160 000 units 
Mt D, Ca 11 2, P *' 7 
Improvement marke 1 
\t the end of 1 month 
Ca I’' 6 p 3 5 At the 
end of 2 months Ca 
13 2, P 42 1 month 

later Ca 12 4 P 4t 
Clinical improvement 
maintained Another 
month's and patient liad 
rtgainel complete mo 
tion of Imnds 1 it D 
stopped 3 month's later 
Ca 11 5 P 3 9 Patient 
feeling fine Another 4 
months Ca 12 4 P 3 0 
Vit D restarted 
months later Ci 117, 
P I C inieaJ i uprcue 
ment maintained No 
change in bone den9it% 

35} ear old white fe 
male with t}pical 
atrophic arthritis of 
several } ears' dura 
tion 

PEC 3,960,000 
nb 79 per cent 
Sahli 

Sod rate 0 9S 
Stahnuclcars 9 
per cent 

Tonsils iioga 
ti\c for 
Strep 
hemolt/Uru 

Not done 

\t the end of 3 weels 
treatment with daib 
doses of 160 000 units 
vit D Cl 12 2, P 3 3 

2 months later Ca 12 

P 4 1 No clinical m 
prorement Another 2 
months of treatment 
and joints dcfinitch 
worse 

32}Cirold white fc 
male with tjpieal 
atrophic arthritis 
for 5 ears 

PEC 4,000,000 
nil 70 per cent 
S thh 

Sed rate 0 SO 

Throat 00 
per cent 
Strep 
ttrulnn^ 

Ts 10 9 

P 39 

At the end of 1 month 
treatment with d uU 
do^e^ of IGO 000 unitn 
\it D, Ca 12 3 P 4 I 
Joint condition defi 
niteh worse 

59} ear old white fc 
male with advanced 
hypertrophic arthri 
tis of spine 

! 

PBC 4,420 000 
nb S7 per cent 
Sahli 

WBC 16,200 

Sed rate 0 49 
Stabnuclears 10 
per cent 

Throat 75 
per cent 
Strep 

1 iindayis 

Ca 8 

P 36 

At the end of 3 weeks 
treatment with dail} 
do'^es of 160 000 units 
Mt D, Ca 10 4 P 4 
No improiement 
the end of another 
months treatment C i 
12, P 4 1 No improie 
ment 


needs fiuthei explanation It is tine that no agiecmcnt exists as to Mhctliei oi 
not a noimal or abnoimal blood calcium is chaiactcnstic of chronic aitliiitis 
Some im estigators*^ haic reported frequent elc\ations of the blood calcium in 
\aiious foims of chionic aitliiitis, othei-s^^ ha%e found nonnal calcium ^ allies in 
97 per cent of chronic aithiitics studied The explanation of these differences 
in opinion probablj can be explained on the vicissitudes of the pathologic process 
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Table I 


Tabulae Study of Detailed Calciu.m and Phosphorus Deterjiinations in Twelve Cases 


CASE 

HEMATOLOGY 

CULTURES 

initial 

CALCIUM 

AND 

PHOSPHORUS 

EFFECT :\rASSira DOSES 
VITAMIN D 

62-}'ear-old white fe- 
male with marked 
o.steoporosis of 
shoulder girdle. Pain 
in shoulder IS 
months. 

K.B.C. 3,980,000 
Hb. 76 per cent 
Sahli 

AV.B.C. 6,000 

Sed. rate 0.62 
Stabnuclears 6 
per cent 

Throat 60 
per cent 
Strep, 
hemolyticiis 

Ca 11.7 

At the end of 3 weeks 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 13.5, P 4.9. 
No improvement. After 
6 weeks such medica- 
tion no improvement 

43-year-old white 

male witli abduction 
of arms limited to 
20 degrees. Painful 
wrists and shoulders 
for IS months. 

B.B.C. 4,860,000 
lib. 94 per cent 
Sahli 

Sed, rate 1.55 
Stabnuclears 3 
per cent 

Throat nega- 
tive for 
Strep, hemo- 
lylioiis. Skin 
tests posi- 
tive for 
Strep, riri- 
dans 

Ca 10.6 

P 4.7 

At the end of 2 weeks 
treatment ivith daily 
doses of 160,000 units 
vit. D, Ca 13.1, P 4.3. 
Patient able to use both 
shoulders in all ranges 
of action 

3o-year-old white fe- 
male with tj’pical 
atrophic arthritis of 
major joints of body 
for S months. No 
clinical results with 
vaccine therapy 

Sed. rate 0.52 
Stabnuclears 8 
per cent 

R.B.C. 4.270,000 
Hb. 86 per cen' 
Sahli 

W.B.C. 8,000 

Dental 

abscess 

Strep. 

voidans 

Ca 10.7 

P 4.2 

No improvement at the 
end of 3 weeks treat- 
ment with daily doses 
of 160,000 units vit. 
D; 2 months later Ca 
13.1. Definite clinical 
improvement 

Go-year-old white 
male with multiple 
joint pains for C 
years. Undiagnosed 
type of arthritis 

R.B.C. 4,750,000 
Hb. 94 per cent 
Sahli 

W.B.C 8,000 

Sed. rate 0.34 
Stabnuclears 6 
per cent 

Throat nega- 
tive for 

Strep. 

hemolyticus 

I 

Ca 9.7 

P 4.8 

At the end of 3 weeks 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 10.8, P 2.8. 
Clinical improvement 
marked. 4 months later 
Ca 12, P 3.4. Improve- 
ment maintained 

.3.3-year-old white fe 
male with typical 
atrophic arthritis of 
several years ’ dura- 
tion 

•Sed. rate 0.40 
Stabnuclears 9 
per cent 

R.B.C. 3,360,000 
Hb. 67 per cent 
Sahli 

[ 

1 

Throat nega- 
tive for 
Strep, 
hemolyticus 

Ca 10.3 

P 4.7 

At the end of 3 weeks 
treatment with daily 
doses of 160,000 units 
vit. D, Ca 13.3, P 4.1; 

1 month later Ca 13, P 
3.9. Clinical improve- 
ment marked. 1 month 
later Ca 9.3, P 3.6; 1 
month later Ca ll.S, P 
3.2. Clinical improve- 
ment marked. 2 months 
later developed acute 
exacerbation and for 
the first time had flex- 
ion deformity of right 
elbow 


32 to 49 years. The average age of the female atropliic artliritic was 45.3 year.s, 
tlie range being 32 to 79 years. The average blood calcium in 7 case.s of hyper- 
trophie arthritis was 11.2 mg. per 100 c.c. Two had values of 12 mg. or more 
and 5 of the group had a value about 11 ms. The average blood phosphorus 
in 6 cases of liypertropliic arthritis was 4.20 mg. 

The finding of high normals of serum calcium and even hyperealcium values 
in chronic arthi-itis. particulaily in the atrophic tj^pe, in this series of cases 
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specificity of action nhicli might be ascribed to tins method of therapy Smtj 
eight calcium deteiminations and 64 phosphoiiis studies neie made on this 
group The diets m all these cases neic similai All leceued 1000 cc of 
milk dailj, 4 cups of 5 pel cent and 10 pci cent segetablcs, 240 gm of 10 pei 
cent flint, 60 gm of uhole nheat hicad, 1 gm piotcni pci kg, and sufiicienf 
hiittei fat to make up the caloric i eiiiiircment 

A stiid.i of Table I suggests that iiiassiic doses of iitamni D liaie the tolloii 
mg scciuclae on the blood calcium It mil loiiei a high scium calcium, it mil 
laise a Ion oi noimal seium calcium to a Ingliei Iciel and then, aftci continued 
administration, mil again dceieiise the hjperealcium Iciel The clinical im 
pioicmeiit 01 nonimpioicmcnt oi cicii aggiaiation of esisting joint sjmptoms 
had no healing on the change of blood calcium, for in some cases mtli the pro 
diictioii of a hj peicalteiiiia, clinical impioicmcnt Mould be noted, and in otliere 
an opposite effect or no impioiemcnt Mould occur The effect on the seium 
phosphorus Mas less maiked 

It appeals that the effect of inassuc doses of iitamin D in chionic aithiitis 
IS nonspecific, and that the niiproicmeiit noted mth this medication Mould fall 
in line with the manj othci icmcdics cmploicd in the nonspecific tioatment of 
chronic aithiitis 

Although massiie doses of sitamin D Mere admniistcied in 40 cases of 
chronic aithritis iii peiiods, langing fiom scicral Meeks to one and one half 
seals, and Meie aho gi\on to a child aged ! to 4 \e.im in doses ot 160,000 units 
daily, no untowaid results occuiicd E\cn though the author feels that no 
specific 1 irtiies e\ist in such medication, at the same time he feels that its to\ieiti 
has been oiei emphasized The aho\ c statement is not meant to imply that larger 
doses than employed lieie maj not be dangerous or esen fatal The diets in all 
our cases were conti oiled If the calcium intake had been iiici eased, or acid 
substances such as ammonium ehloiidc guen, lijpenitamosis most piohabh 
Mould base lesiilted The clinical iii\ estigator should beuaie of the following 
symptoms in the use of massue doses of utamin D nausea, anoie\n, lomit 
ing, cramps, diairhea, tliiist, and frequent uiination ALso pciipheral ner\e 
changes, pain in muscles and joints, headaches, haziness, and seitigo aie all 
dangei signals of hjpeivitamosis D The diug should be stopped as soon as 
am of these sjmptoms occui It maj be icstarted ten to fouiteen da\s later 

The concentrated Mtamin D used in this «5tud\ •na'? supplied through the couite'sj of tlie 
experimental medical department Parke Daals ^ Co 
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STUDIES ON THE ANEJIIA OP PREGNANCY IN GASTRECTOMIZED 

AND NORMAL DOGS^ 


R. A. Bussabarger, il.D., Ph.D.,! P. P. Cuthbert, M.S., M.D., and 
A. C. Ivy, Ph.D., M.D., Chicago, III. 


T he anemia.s of pregnancy have been recently reviewed by several authors.^*'^ 
They reported tliat “secondary” anemia, a liATiochromic microcytic 
anemia, Avas the most common of the time anemias of pregnancy. This anemia 
Avas found to occur in from 30 to 40 per cent of all pregnant Avomen. 

Iaw, Jlorgan and ParrelP in 1931 reported the occurrence of a spontane- 
ous anemia in completely gastreetomized dogs. They also reported a feAv 
instances of anemia of pregnancy in gastreetomized dogs. The .spontaneous 
anemia and the anemia of pregnancy AA'ere “secondary” anemias. These 
author.s concluded that in the gastreetomized dog the factor of safety in diges- 
tion Avas so impaired that the added strain of pregnancy caused an anemia. 
To further iiiA'cstigatc this anemia of pregnancy in the gastreetomized dog, 
the folloAving studies Avere made. 

PiA’c gastreetomized dogs Avere obserA-ed through a total of fifteen preg- 
nancies. A pregnancy Avhich occurred after a fiAD-foot enterectomy in one 
gastreetomized dog and a pregnancy Avhich occurred after a six-foot enterec- 
tomy in another gastreetomized dog AA-ere .studied. As a control series, tAvelve 
normal dogs Avere obsei-A'ed through tAA’elve pregnancies. 

3IETHODS 

The fiA'e gastreetomized doRS used in this study Avere under obseiwation in 
this laboratory for periods varying from tAA-o to scA'en yeai’s. When this study 
Avas first undertaken, hematologic pi-ocedures AA'ere confined to determination 
of red blood count and hemoglobin ; but these studies AA-ere later extended to 
include determinations of hematocrit, blood volume, and, in tAA'o cases, mean 
cell diameters. xVll animals, including the gastreetomized dogs, receh'ed the 

•From the D'T'irtmcnt ot Ph>sioloKy and Pharmacologj-, Northwestern Unlver-slt.v 
Medical School. 
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same stock laboratoi^ diet made iip ol boiled liaiubiugci, ^Uute biead, pie 
paied ceical, milk, and cod Inei oil 

Hematologic Pioccduns — With the e\ccptioii of the fiist &c^en pieguaii 
cics obsciicd 111 the gasticctomi/ed dogs, blood examinations consisting of red 
blood count, hemoglobin b^ tin XowLombci method, hcmatociit b^ Kosaliii’s 
method,® and blood Aolumc b^ the method of IIoppci and associates^® iveie 
made at intci\als of appro\imnte!i ten da\s Examinations i\eie made moie 
fieqnentl} just piioi to and just following dcU^el^ 

RESULTS 

Sfandaid x allies foi icd blood count, heiiicglobin and hcmatociit estab 
lished foi normal dogs in oin Inboiatorx compile faxoiablj x\ith those ac 
cumulated bj Wintrobc and co ii oikeis Foi pm poses of conciseness and 
claiitj, aibitiaix limits foi slight, inodeiate, maiked, and sexeic anemia x\eie 
established The definitions of these limits follou 


AM Mil 

t IM 

iin 

JUMATOCriT 

FI A( TION OF 
NOrM \h 

Nornnl 

7 00 




Slight 

iST 




Slodcrato 

4 07 




Marked 

T50 




Severe 

2 





Ga^ticctouuzcd Dog<i — Gastiectoimzcd Dog No 11 was obserxed during 
eight piegnancies In fixe piegnancies (No ill, 2, 3, 6, 7) hjpochromic 
anemia giadualh dexelopid m tlie last thiitx daxs of picgnancy to become 
maiked duinig the xieek pieceding delixoix In one piegnniicj, No 114, a 
maiked noimochiomic anemia and in aiiolhei piegnancx, No 115, a sexeie 
Inpocluouiic anemia xieie picsent at tcim T)ie eiglith and last pregnancy 
obseixed in tins dog occinied attei a fixe foot cnteiectomj This pregnancy 
was teimmated bx a fatal liemoiihage caused bx uteinie iiiptuie fiom pres 
sine necrosis 

In piegnaiic> No 11 3 dailj feeding of one xial of lixei extiact No 343 
(10 cc from 50 gm lixei) Lillx instituted on the sixteenth ante pai turn daj 
resulted in a maiked iiieiease in led blood count, but had no effect upon the 
hemoglobin lexel of the blood In piegnancj No 114 dailj feeding of 10 
gm of lixei extract No 55 Lillj instituted upon the sixteenth ante pai turn 
daj liad no demonstiable effect on the blood pictme 

In pregnancy No 11 5 the blood xolume at teiin xvas increased bx ap 
pioximatelj 240 ec and the total ciiculating hemoglobin decieased by ap 
pioximatelj 50 gm , in pregnanej No 116 the blood xolume was increased 
b} appioximatelj 350 cc and the total ciicidatnig hemoglobin decieased bj 
appioximatelx 25 gm , and in pregnanej No 11 7 the blood xolume xvas in- 
cieasecl bj appioxiiiiatelj 100 ec and the total r»uculating hemoglobin cle 
Cl eased bj appioximatelj 25 gm 

Gastrectomized Dog No 26 xxas obseixed duiiug thiee pregnancies In 
piegnancj No 26 1 a maiked hjpocliiomic anemia, in piegnancy No 26 2 a 
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Condensed Protocols 


Gastrectomized Dog No. 11 


NO. OF PREG. 
AND TIJXE 

after opera- 
tion 

PAYS 

ANTE OR 

POST 

PARTUM 


R.B.C. 

illL- 

LIONS 

HB. 

QXI. 

HE- 

ilATO- 

CRIT 

COLOR 

INDEX 

BLOOD 

VOLUME 

TOTAL 

HB. 

MIS- 

CELLANEOUS 

1st 

55 a.p. 


5,70 



1.07 



Premature de- 

Pi mo. p.o. 



3,44 






livery; 6 or 


15 p.p. 



S.15 


0.97 



7 wk. prog- 


G4 p.p. 


5,50 

31.80 


Msm 



nant 

2na 

49 a.p. 


0,00 



Mini 



Premature do- 

1 yr. p.o. 

20 a.p. 


4,90 

8.70 





livery; dead 




4,70 

7.80 





fetuses 


15 p.p. 


5,50 

9.70 


0.S2 





79 p.p. 


0,70 



1.00 




Srd 

40 a.p. 



11.00 


0.80 



Term; 11 pups 

1 vr. (i mo. p.o. 

10 a.p. 





0.89 





3 a.p. 


0,90 

7.78 


0.5.3 



1 vial liv. e.xt. 


35 p.p. 


5,40 

9.50 


0.82 



No. .34,3 daily 


S3 p.p. 


4,54 

8.80 


0.90 




4th 

45 a.p. 


5,70 

12.05 

40.50 

0.99 



Term ; 10 pups 

2 vr. 1 mo. p.o. 

30 a.p. 


4,10 

10.20 

20.20 

1.10 





0 



8.70 

22.80 

0.97 



1 vial liv. ext. 


21 p.p. 



10.10 

30.40 

1.03 



No. 55 daily 


42 p.p. 

40?! 

0,7.3 

13.10 

34.00 

0.91 




otli 

55 a.p. 


0,05 

12 56 

29.90 

0.97 

1178 

148 

Premature de- 

2 yr. 71^ mo. 

30 a.p. 

4.SVj 

4,49 

8.54 

27.50 

0.89 

3314 

112 

livery; dead 

p.o. 

1 a.p. 

49-r, 

4,30 

0.97 

20.00 

0.75 

1420 

99 

fetuses 


IS p.p 

42i/i 

5,29 

11.10 

28.90 

0.98 

122.3 

130 



H7 p.p. 

40 

(>,93 

32.90 

41.10 

0.87 

1255 

102 


(UIi 

59 a.p. 

40% 

0,98 

32.0.3 

34.90 

0.S4 

3 394 

151 

Premature dc- 

.3 vr. 1 mo. p.o. 

35 a.p. 


5,09 

10.03 


0.82 



livery; dead 


0 

48 

4,83 

8.42 

25.90 

0.81 

1450 

122 

fetuses 


IS p.p. 


4,09 

8.21 


0.82 





72 p.p. 

47% 

0,52 

11.38 

30..50 

0.82 

1230 



7 th 

59 a.p. 


5,57 

12.77 


1.07 



Term; 4 pups 

4 vr. 2Vf> mo. 

10 a.p. 


5,02 

11.19 


1.10 




p.o. 

0 


4,55 

8.90 


0.91 





1 p.p. 

47 

4,58 

5..00 

.32.30 

0.91 

1.302 

no 



37 p.p. 


0,03 

9.87 


0.77 





47 p.p. 


7,8*5 

11.19 


0.07 





iSovon yctirs uftor }ra«trccfomy No. 11 wa.s subjected to a 3 ft. entercetomy. 


Compo‘-ite of 4 determi- 
nations before opera- 
tion 

44 

! 

5,04 

11.21 

57,75 1 

■ 


! 


Sth 

ISl days after 
ontcreefomy 

59 a.p. j 
20 a.p. 

S a.p. ! 
1 a.p. i 
Dead | 

35 
32% 
.34 1/. 1 
32 

4,00 

4,03 

4,20 

4,45 

1 

11.48 
9.85 
S.G3 
9.71 
Pre'Si 
Pivp fp 

37.00 

34.00 

28.00 
.31.00 

irc neci 
tu'^ps a 

I.IG 

1 1.14 
0.94 
1.02 
ro'^is w 
pproxin 

1100 

1090 

1090 

993 

itli rupture 
iiutely one v 

133 

107 

94 

90 

of the 
reek fr 

uterus 
om term 


iiioclerate normochromic iineinia. and in preemancy Xo. 25-3 a moderate hypo- 
chromic anemia developed. In the last prepnancy. Xo. 26-3, the blood volume 
ehanped vei'y .slightly, but a marked decrease in total circulating hemoglobin 
occurred. 

The one pregnancy observed in gastrcctomized Dog Xo. 27 had to be 
terminated by Porro section, approximately one and one-half weeks from 
term. Approximately two weeks before term this animal developed a seve'.e 
hyperehromic anemia and became too weak to stand. After a transfusion of 
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Condensed Ppotocois 


Gosirrctotntzeil Dog No SG 



Go-itrcctomfcd Don No 33 



300 c c of blood, the opeiation ^^as siiccessfulh perfoimed, but the animal 
died fiftj dajs later Autopsy ie\ealed multiple abscesses of the Iner and 
lungs and a diftuse peritonitis 

Gastiectomized Dog No 31 uas obsei\ed duiing thiee pregnancies In 
pregnancj No 31 1 a slight Inpochiomic anemia de^ eloped The blood 'vol 
ume at teim -was deci eased bj appi o\imatel\ 300 c c and the total cuculating 
hemoglobin bj appioximatelj 90 gm In pregnanc\ No 31 2 a marked hjpo 
cluomic anemia de% eloped The blood ■\oluine at teim was decreased by 
approximately 400 c c and the total circulating hemoglobin by appioximately 
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Condensed Protocols 
Ga St recto mized Dog No. SI 


XO. OF PREG. 

AXD TIME 
AFTER OPERA' 
TIOX 

DAYS 
ANTE OR 

POST 

PARTUM 

vrr. 

1 LBS. 

1 

R.B.C. 

MJL- 

LIOXS 

ns. 

GM. 

HE- 

AfATO- 

CRIT 

COLOR 

index 

BLOOD 

VOLTJilE 

TOTAL 

HE. 

MIS- 

CELLAXEOUS 

Before gastrectomy 

391/j 

7,60 

15.43 

56.00 

0.95 

1540 

238 



70 a.p. 

421/, 

8,16 

15.10 

60.40 

0.86 



Term; 8 pups 

4 mo. 1 "k. 

l.j a.p. 

49 

6,95 

14.38 

39.80 

0.97 

1296 

186 


p.o. 

2 a.p. 

ao 

6,33 

12.51 

35.50 

0.92 

1240 

155 



17 p.p. 


6,07 

11.10 


0.85 





79 p.p. 

48 

9,13 

15.78 

45.50 

O.Sl 

1553 

245 


2nd 

65 a.p. 



Same as 79 p.p. of first preg 

nancy 


8% mo. p.o. 

47 a.p. 


9,16 

16.91 


0.86 





13 a.p. 


8.28 



0.76 







5,69 

7.52 


0.62 





3 p.p. 

41% 

5,83 

8.15 

Kkfihl 



94 

Term; 7 pups 


23 p.p. 



■PKtai 


0.67 





82 p.p. 

39% 

8,74 

12.17 


0.65 


131 

6.21 /I 

3rd 

62 a.p. 

43 

8,11 

12.57 


0.72 

1125 

141 

5.94 /J. 

1% vr. p.o. 

17 a.p. 


8,69 

11.23 







6 a.p. 

49% 

8,19 

8.49 


0.48 

1470 

124 

6.04 g Term; 


1 p.p. 


7,36 

8.28 


0.53 



9 pups 


32 p.p. 


9,67 

10.20 


0.49 





155 frni. In pregnanej' No. 31-3 a marked li.vpocliromie anemia developed. 
The blood volume at. term vas increased by approximately 350 c.c., and the 
total circulating hemoglobin decreased by approximately 20 gm. The mean 
eel] diameter preceding this pregnauei' ivas 6.21 /i. The mean cell diameter 
at term -was 6.04 fx. 

Gastrectomized Dog No. 33 was observed during one pregnancj'. A severe 
hypochromic anemia developed. The blood volume at term remained un- 
changed, bnt the total circulating hemoglobin was decreased by approximately 
44 gi\i. The mean cell diameter prior to ])rcgnancy was 6.27 g, at mid-term 
5.96 n, and at term 4.36 /i. Gastrectomized Dog No. 33 was subnected to an 
entorectomy o£ six feet of ,ie,iunum and ileum. Two weeks after the operation 
the animal had a moderate hypochromic anemia; but from the thirtieth post- 
oiierative day to the one hundred and fourteenth postoperative day, when the 
animal again became pregnant, the blood picture showed no anemia. During 
this jiregnaney the animal developed a moderate normochromic anemia, the blood 
volume remained unchaimed ; bu( the total civculaling hemoglobin dec.rea.sed by 
approximately 45 gm. 

.Normal Dogs . — Each of 12 normal dogs were observed during one preg- 
nancy. The blood picture at term showed a slight normochromic anemia in 5 
animals (Nos. 1, 3, 5. 6, and 9), slight hv-pochromie anemia in one animal (No. 
10), moderate nr .-mochromic anemia in 3 animals (Nos. 0, 2, and 7), moderate 
liA-poehromie anemia in 2 animals (Nos. 8 and 11), and marked noi-moehromic 
anemia in one animal (No. 4). 

In 8 ea.se.s in which blood volume determinations were perfoi-med a suffi- 
cient number of times to he aderjuale, the blood volume at term was unchanged 
in 4 cases. Nos. 3. 6, 7, and 10; increased in 3 ca.ses by ajiproximatcly 175 c.c. 
in Case No. 0, 300 c.c. in Case 2, and 100 c.c. in Case 5; and decreased in one 
case, No. 4, by approximately 130 c.c. Of these 8 cases the total circulating 
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Condensed ProxocOLs 
AormnI Control Dogs 
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lieinoglobin at term showed very little change with one exception. In Case 4, 
wiiich shoived approximately 130 c.c. decrease in blood volume at term, the 
lotal circulating hemoglobin was decreased by approximately 58 gm. 

Snmmary of Resnitx . — AVith few exceptions, pregnancy in the gastrecto- 
mized dog resulted in a marked or severe anemia. Blood A'olume determinations 
made in eight pregnancies demonstrated in eveiy case a total circulating hemo- 
globin decrease of from 20 to 155 gm. regardless of changes in blood volume. 
In tivo gastrectomized dogs subjected to extensive enterectomy, the anemia of 
pregnancy, as judged from the blood picture alone, appeared to be no more 
severe than before enterectomy. However, in one ease the size of the litter 
was much less and in the other case dehydration supervened. In both eases 
the total circulating hemoglobin was markedly reduced. 

Ill general, the severity of the anemia appeared to be related to the size 
of the litter and to the shortness of the interval between successive preg- 
nancies. 

Pregnancy in normal dogs caused a marked anemia in only one case. 
Hydremia occurred in only 3 out of 8 cases (38 per cent). Anemia of the 
puerperium ivas more marked than the anemia of pregnancy in almost every 
case. 

DISCUSSION 

The above results indicate that hydremia of pregnancy occurs in approxi- 
mately one-third of normal dogs and that anemia of pregnancy in normal dogs 
is uncommon. These findings are in accord with those of earlier authors. 
iSpiegelberg and Gescheidler^- in 1872 and Nasse^® in 1876 reported that in 
dogs the blood was more dilute during the last half of pregnancy. Spiegel- 
berg and Geseheidleri- did not believe this significant because they found 
that the percentage of hemoglobin in pregnant and nonpregnant dogs was 
equal. In 1927, Schmidt and associates^* reported that a slight hydremia 
occurred during the last ten days of pregnancy in the dog. They believed 
that the extent of the hydremia was significant, but they reported the results 
of only three experiments. 

The occurrence of a marked to severe anemia which developed during the 
last half of pregnancy in the gastrectomized animals appears easily ex- 
plicable in the light of several reports. Mullenix,*'* Dragstedt,*® Kellogg,*'^ 
and Mettier*® and their co-workers have observed that the production capacity 
for hemoglobin regeneration is markedly reduced in the gastrectomized dog. 
These authors also found the production capacity for hemoglobin regenera- 
tion was markedly increased by the administration of iron, kloreover, 
Hugounenq*® reported that in the case of the human fetus two-thirds of the 
storage of iron takes place during the last three months before birth. 
Nicholas-® observed that the storage of hemoglobin in rat fetuses is most 
rapid. during the early part of the last third of the gestation period. And 
Zeidberg"* found that in the rabbit the last half of pregnancy is the period 
during which the fetus is laying down its chief supply of blood-building mate- 
rials. These facts, along with the fact that anemia was most marked in those 
"astrectomized dogs bearing the largest litters, lead us to believe that in the 
presence of a markedly reduced production capacity for hemoglobin regenera- 
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tion the added stiaiii of fetal demand foi blood building materials uniformly 
lirings about a marhed to SC’s ere anemia of pregiiancj in the gastrectomized dog 

In the light of these experiences let us examine the various hypotheses 
ad\anced to explain anemia of pregnanej in vomen Stiauss and Castle- 
studied gastiic secietion during pregnancy and piieipeiium in 24 ivomen and 
found that 75 pei cent of these nomcii did not secrete iioimal amounts of 
fiee hjdiochloiic acid and pepsin dmiiig more than half of the period of 
pregnanc\ From this and othei studies these authors concluded that the 
hjpocluoinic anemia of piegnnnc^ is due either to a direct dietaiy deficiency 
or to a dofielenc^ conditioned b\ gastiic anaeiditj, hjpoacidity, or associated 
gastiointcstinal defects in the presence of fetal demand for blood-building 
mateiials The importance of a gastiic secictory defect in the de\elopment 
of hjpochiomic anemia of piegnanc> has been suppoited bj the obser\ations 
of Rowland/ Davies and Sliellej," and Goodnll and Gottlieb-^ At first 
glance, the development of a marked to se\ere anemia of piegnancy in gas 
trectomired dogs, but not in noinial dogs seems to lend experimental support 
to the hj’pothcsis that gastiic defects plaj an nnpoitant role in the develop 
ment of a h 3 poehroniic anemia of pregnanej llowevei, Ljon”'^ and Fullei 
ton-'^ believe that inaiked hjpochromic anemia of pregnancy is probably de 
pendent upon the presence of a pre existing anemia which was not necessarily 
dependent upon pregnanej pei se Bcthcll-® has gone further to point out 
that the pregnant woman sa'ves, from the absence of menstrual blood loss o'vei 
ten periods, from one thud to onelialf of the amount of iron utilized b> the 
fetus He states that the reserves of blood and blood building mateiials 
possessed by the health} peison without a tendencj towaid anemia are ade 
qiiate to leplace the net non loss fiom mother to fetus without demonstrable 
effect upon the blood level Betbell concluded fiom his studies that anemia 
in pregnancy is coimnonl} due either to pie existing non depletion or to an 
inadequate intake of protein of high biologic valne during gestation 

Do these factors play a part in the anemia of pregnanej of the gastrec 
tomized dog? Mettiei and Blinot-^ have repoited that iron is more readily 
absorbed from an acid than from an alkaline medium Can el and co workers^® 
and Emeiy'’® have shown tint digestion and assimilation of protein are markedlj 
impaired in the gastiectomized dog Moreover, as has been mentioned before, 
Ivy, Morgan, and Farrell® reported the occurrence of spontaneous anemia in the 
gastrectomized dog Therefore, the reserve stoies of blood building materials 
in the gastrectomized dog aie, presumably, low Since normochromic anemia of 
pregnancy occurred in some gastrectomized dogs (i e , No 11 3 and No 26 2) 
and m two gastrectomized and partiallj’- enterectomized dogs (No 11 8 and 
No 33 2), the factors piedisposmg to anemia emphasized hj Bethell-® seem 
especially significant in explaining the anemia of pregnancy in the gastrecto 
mized dog 

Since the achjlia gastiica produced by gastrectomy is permanent and leads 
to a markedly decreased reserve of blood building materials and to a tendency 
to spontaneous anemia, the results of the experiments reported here may or may 
not lend support to the hypothesis that transient gastric secretory defects in 
pregnant women may cause an anemia of pregnancy Likewise, from these 



32 


THE JOURXAE OP LABORATORY AND CLINICAL 


MEDICINE 


exiienments, htlle can be said about tlie role of tbe stomacb in causing “per- 
nicious anemia’' of pregnancy because Richter and associates^" and Ivy and 
others'’^ have shown that canine stomach is inactive in pernicious anemia. In 
addition, Bussabarger, Ivy, and Richter^'- liave found the entire intestine of 
tbe dog to be inactive in pernicious anemia. In view of the fact that the hog 
duodenum"-'- and hog colon"" have been shown to be active in pernicious 
anemia, it would seem that too much attention has been focused upon the 
stomach at the expense of the rest of the gastrointestinal tract. 


SUMMARY AND CONCLUSIONS 

1. The blood picture of five gastrectomized dogs was observed through a 
total of fifteen pregnancies, (a) Marked to severe anemia developed in the 
gastrectomized dogs in eleven pregnancies, (b) Blood volume determinations 
made in eight pregnancies demonstrated in every ease a decrease in total cir- 
culating hemoglobin of from 20 to 155 gm., regardless of changes in the blood 
volume, (c) In two gastrectomized dogs subjected to extensive eiiterectomy 
the anemia of pregnancy, as judged by the blood picture alone, appeared to 
be less severe than before the enterectomj’. However, in both eases the total 
circulating hemoglobin ivas markedly reduced. 

2. The blood picture of twelve normal dogs was observed through twelve 
pregnancies, (a) j\Iarked anemia of pregnancy developed in only one case. 

(b) Anemia of the puerperium was more marked than anemia of pregnancy. 

(c) Blood volume determinations made in eight pregnancies disclosed hy- 
dremia in only three eases. 

3. The etiology of anemia of pregnancy was discussed. 
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TULAEEIMIA FOLLOWING INJUKY WHILE PEEPORMNG 
POST-MOETEM EXAMINATION ON HUMAN CASE* 


With Eeport of the Post-Mortem Findings in a Case of Pulmonic 

Type of Tularemia 


J. 0. AVeilbaecpier, Jr., M.D., and E. S. Moss, M.D., New Orleans, La. 


T he sources of infection and the manner of spread of tularemia in man 
have been summarized Francis^ in a recent publication. He lists more 
than twenty animal and insect hosts capable of conveying the infection, but 
states that there is no record of transfer of the disease from one human being 
to another. Han'ng observed an instance of such transfer, we are prompted to 
report it, and additionally describe the post-mortem findings in a case of the 
pulmonic tj’^pe of tularemia. 

One of us (E. S. JM.) accidentally incised her thumb while performing 
a post-mortem examination on the body of a negro who, though diagnosed 
clinically as having had typhoid fever, proved to be a victim of tularemic 
‘ ineumonia. The development of an ulcer at the site of the accidental wound 
*Lh associated regional ljunphadcnopathy suggested the diagnosis of tularemia. 

i was verified by the subsequent course of the disease and the repeated 
^ onstration in the blood of specific antibodies in titers as high as 1 ;2560. 

CASE report 

W. K., a 26-year-old negro, was admitted to the CHiarity Hospital of Louisiana, New 
Orleans, on December 15, 1936. He had been in good health until eight days previous to 
admission, when he experienced a sudden onset of headache and fever, which persisted with 
increasing severity. Additionally, he suffered recurrent pain in the right lower abdominal 
quadrant and on two occasions attacks of epistaxis. 

One week after his death, the Hospital’s Social Service Department learned that he 
had been a peddler by trade and that seven days prior to the onset of his illness he had 
skinned two hampers of wild rabbits. 

Physical examination revealed an acutely ill adult negro, with a temperature of 105° P., 
respiration 24, and radial pulse 102 per minute. Blood pressure was 125 systolic and 85 
diastolic. The skin was hot, moist, and elastic. There was no palpable lymphadenopathy. 
Eyes and ears were free of pathology, while the nares were partially obstructed by clotted 
blood. The lungs expanded equally and with moderate excursion. No abnormalities in the 
breath or voice sounds were detectable, and no rales were heard. The heart was normal in 
size, its sounds of good quality and its rhythm regular. There were no murmurs. Tender- 
ness was elicited in the right lower abdominal quadrant, but there was no muscular rigidity. 
There were no palpable viscera or masses. Examination of the urine was negative. The 
blood contained 4,000,000 red blood cells and 8,500 white blood cells per c.mm. The differ- 

•From the Departments of Medicine and Pathologj", Louisiana State University School 
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cntial leucocyte count revealed GO per cent poUniorphonuclear ncutropliilcs, 30 per cent small 
IjTnphocytes, and 10 per cent large hraphocjtes nnd lnonoc^tos No malarial parasites 
were found 

The dcmon«itration m the blood of agglutinins for EhertheVa m a titer of 1 320, 

seemed to corroborate the clinical imj>re‘»«»ion of typhoid fe\er and treatment for such Mas 
instituted During the ten days ho remaimd in the lio«pital, liis condition grew steadily 
worse nnd he died December 2o, 193G, at 0 pm 

POSTMORTEM EWMINVnON 

Body Post mortem examination was niado ten hours after death Inspection of the 
body rescaled n moII dc\ eloped, mcII nourished, young colored male Bod\ heat Mas absent 
rigor mortis Mas present There Mere no notable gross lesions or abnormalities 

Peritoneal Canty There nas no free fluid or adhesions present and the membranci 
Mere smooth, moist, nnd glistening 

Pleural Canttes No adhesions were present Dotli caiities Mere filled with slightlv 
cloudy straM colored fluid The right visceral pleura wa** covered Mitli patches of vellowish 
fibrinous exudate and a considerable number of fibrinous strands ucrc free m the fluid The 
serosa of the left cavity was free of exudate 

Pericardial Canty The cavity contained the usual amount of clear, straw colored 
fluid nnd the serosa was smooth and glistening 

Heart The heart weighed 350 gm The mvocardium was reddish m color and firm in 
consistency The valves presented no abnormalities and the endocardium appeared normal 
The coronary artenes were patent 

Lungs The right lung weighed 1,225 gni tlic left lung 900 gm Ihc serosie of both 
lungs Mere grayish pink in color Mith scattered yellouish areas measuring 1 to 2 cm in 
diameter Areas of patchv consolidation could be felt throughout all lobes, but tho lower 
right lobe was uniformly firm in consistency On section there was diJTu«o consolidation of 
this latter area with scattered areas of netrosis AH other lobes showed scattered patches of 
consolidation and ngcrosis 

iiver The liver weighed 2,175 gm The anterior edge was smooth, rounded, and ex 
tended G cm below the right costal margin Glisson’s capsule was smooth and normal in 
color On section the liver markings proved indistinct, and the surfaces revealed wore pale 
red in color 

Spleen The spleen weighed 160 gm It was dark red in color and very soft in con 
sistency The pulp scraped wath ease 

Pancreas, Adrenals, and Gastrointestinal Tract There were no notable pathologic 
changes 

Kidneys The right kidney weighed 210 gin , the left kidney weighed 220 gm The 
capsules stripped with ease leaving smooth pink surfaces On cut section the line of demarc i 
tion between cortex and medulla was distinct The cortical zone was slightly widened 

MICROSCOPIC EXAMINATION 

Lung The sections obtained from the consolidated portions (Fig 1) showed large 
areas resembling caseous necrosis with interspersed groups of alveolar sacs filled with 
exudate The necrotic areas were composed of either a mixture of polymorphonuclear leuco 
cytes, macrophages, fibrin, and necrotic debris or a granular bluish staining mass of necrotic 
material in which only a few cellular elements were discernible In the non necrotic areas 
the alveolar septal cells were swollen The exudate was variable, consisting either of a 
network of fibrin in which there were scattered polymorphonuclear leucocytes, red blood cells 
and macrophages, or a mixture of polymorphonuclear leucocytes and macrophages The 
exact composition of the exudate in any given place varied between these two extremes 
Tlie cytoplasm of the majority of the macrophages was vacuolated or umformly pale stain 
ing (foam cells) but many contained phagocytosed cells or cellular fragments particularly 
nuclear fragments Some of the latter cells measured as much as 20 micra in diameter No 
jnultimicleated giant cells were observed Although both the artenes and veins m the con 
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Increased atmospheric pressure and increased percentage of oxygen re- 
sulted in groivths predominantly subsurface. This was greater in the pressure 
chamber where the ox 5 "gen tension ivas approximately twice as great. In most 
instances subsurface groivth was good and growth weights would have to be 
taken to determine the comparative amounts with those of surface growths. 

"^dien the surface and subsurface tendencies on the various media and under 
the various tensions are averaged, that on glutamic acid medium in 99.5 per cent 
oxygen is comparatively good and has the most subsurface. 

When seventeen-daj’’ growths are removed from the chambers and growth 
occurs, it is the type growth that would have occurred if the tubes had been 
placed in the atmosphere originally. 

Growths become more surface in 1 per cent oxygen with no observable 
decrease in growth on glutamic acid medium, but with marked decrease in 
groivth on Sabouraud’s medium where growths apiiear to be trjdng to leave the 
surface and may prove dead. In the latter instance the optimum oxygen ten- 
sion for growth is absent. 

In the atmosphere Sabouraud’s medium and 4 per cent peptone, 1 per cent 
^dextrose medium show similar amounts of growth and similar surface tendencies. 
*dia ivith 0.25 per cent peptone, 4 per cent dextrose, and 1 per cent peptone 
. about one-tenth the surface tendency and four-fifths the growth of 
bouraud’s medium. Other amino acids and hair hydrolyzates show like 
tendencies to glutamic acid. Pig skin hydrolyzate shows one-half the sub- 
surface tendency of glutamic aeid.^'® Glutamic acid medium with 0.5 per cent 
sodium lactate and/or 0.5 per cent sodium phosphate shows about one-half the 
surface tendency and tliree-fourths the growth on Saboui-aud’s medium.'^ The 
latter effect seems confined to cei-tain organisms. 

Factors of importance in growth of organisms may be summarized as fol- 
lows : Selectivity with reference to the organism is dependent on the atmosphere- 
medium relationship. The medium is characterized bj^ its constituents, physical 
and chemical state, and the atmosphere by gas tensions, humidity, temperature, 
and air velocity. Organisms are characterized by their evolutionary status, 
adaptations, and resistances. In disease the organism, necessarj’' atmosphere- 
medium relationship, together with tissue injurj^, are necessary. Such injury 
fo tissue differentiates pathogenic from saproplijitic fungi. In disease selectivity 
is determined by the constituents of the organ and its oxygen tension. It is 
questionable that the atmosphere ever functions in a strictly passive sense. 

The atmosphere-medium relationship is equally important vith bacteria 
which usually possess no power of invasion of medium and must be studied 
in shake culture. Increase in oxygen tension alone increases depth of groiiffh, 
increase in pressure by niti-ogen having no such effect. 

Skin lesions in guinea pigs at high altitudes due to Achorion yypseum^ 
have been observed to have a longer incubation period, to be more superficial and 
less extensive; this has been correlated with clinical findings in tuberculosis. 
The latter disease is interesting because of extensive work® on the gas relations 
of the tubercle bacillus. 
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SUAIMUIA 

The atinospliere medium iclationship dctcimines amount, ttpe of giowth, 
and surface or subsuiface tendencies of miciooiganisms 

Iniasion of medium lesulls fiom the oiganism seeking the most faioiable 
atmospheie medium iclationship foi gioiith and dcpailure of groiith Sub 
surface tendency appaicntlj bcais a piopoitioiialilj to the anaeiobic nature of 
the organism 

Inhibition of giowth cl limed bj othci woikcis"’ foi high owgen tensions 
should be deeided onh aftoi giowth weight studies 

Partial oxjgen tension dctciiiiincs the depth and picsencc of giowth on a 
specific medium 

Spaise superficial oi no giowth on Saboiiiaiid’s medium iindci 1 per cent 
oxjgen often results in death of the oiganism 

Iinasion ot tissues and seliitniti loi tissues m disease aie inidoubtedh 
dciiendent on the medium (tissue) atmospheie (osigeii tension) iclationship 
and pathogenicitj on the added iiiiiiii thioiigh the oiganism Simple factors 
maj change this iclatioiisliip entirch 

Peptone dextrose agar from Dlfco Liboratonc^ Inc. 
d glutamic nef l from Hoffman LaRochc 
Nitrogen AIrco 
Oxj gen AIrco DO 5 per cent 
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THE PHYSIOLOGIC RESPONSE OP PLEURAL SURFACES TO 

IMPLANTED DUSTS- 


WiLLiAji R. Bradley, M.S., and Melvin W. First, B.S., Detroit, Mich. 

L ately several inquiries have sought to establish the physiologic responses 
of various body tissues to divers dusts in different particle size ranges. 
As a consequence, there is at hand extensive experimental information deal- 
ing ivitli the action of many specific dusts and mixed dusts, some of which 
have been applied in studies under conditions simulating the exposures ex- 
perienced bj^ workers in dusty trades. Among others, Mavrogordato, Gard- 
ner, and Gye, respectivelj’-, have studied the action of dusts in the experimen- 
tal animal by the inhalation method. In this procedure, it appeared necessary 
that artificial dusting be continued oi'er a long period, such as from two to 
five years. Obviously, the time factor hampers inquiries carried out in thig 
manner. 

As early as 1924, Sayers,^ in an effort to reduce the time period required 
for the appraisal of the properties of unknown dusts, began experiments to 
determine the action of divers dusts injected into the peritoneal cavity of 
guinea pigs. He concluded that living animal tissue in any portion of the 
body tends to respond in essentially the same manner to any dust, but that 
the action for every individual dust was specific. Selecting the peritoneal 
cavity as the most suitable point of application, he observed that, in addition 
to the foreign body reaction provoked by all dusts, highly different changes 
resulted from the presence of specific dusts. Thus, quartz leads to extensive 
proliferation of fibrous tissue, but this was not elicited by limestone or coal. 
In reports based upon continuation of these experiments, Saj'^ers and his 
associates-'^ described a technique for the determination of the fibrogenic 
properties of unknown dusts following deposition within the peritoneal cavity. 
In addition to the usual foreign body reaction, three general types of specific 
reaction were described, namelj^ the proliferative, the absorptive, and the 
inert. Within ninety days the type of reaction provoked may be determined, 
and often changes provoked within thirty days may provide proper conclusions. 
These three reactions in more detail were found to be : 

The proliferative response: characterized by the production of nodules that 
progressively increased in size. These nodules, when occurring in clumps, fused 
together and formed a large single mass. Numerous capillaries were present 
on the surface and throughout the nodules. The appearance was that of 
cellular proliferation. It was their premise that this pathology was appar- 

»From the Bureau of Industrial Hygiene, Department of Health, Detroit. 
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cntlj due to the chemical initation suiiphcd bj the solution of silica m tissue 
In ninet} da\s the nodules become inoie fiim, contracted, and fibrous in 
appeal ance 

The mat icaction obtained ■i\hen the injected dust ^^as neither absorbed 
1101 initiated a ccllulai prolifciation The nodules become moie flattened and 
spicadnig iMth time Pine paitieles of dust neie usually earned oiei lather 
extensne aicas In phagocjtes 

'Ihc ahsoipixvc response shoued the foiination of iiTcgular distinct nodules 
uhich ueie often clumped These nodules became progiessnely sraallei in 
size as the intci\al between injection and examination inci eased, until the 
oiiginal dust c\entuall} disappeaicd leading a small area of fine particles at 
the site of the nodules In time these also disappeaied without the formation 
of seal tissue 

Thus a icaction nas pioduced in teims of weeks instead of jears as was 
the ease in dusting chambci inhalation expciimcnts The results of these 
intrapeiitoneal injection expeiiinents, cspcciallj in connection with siliceous 
dusts, aie in confoimit\ uith nhat \\ould be expected fiom a knowledge of 
the clinical pictuie of the actions of these dusts in the pulmonary tissues of 
human beings 

HeCoid and his associates,®® in a laige senes of expeiiments, suppoited 
findings of ^lillci and Sa^cls and added tno modified tj'pes of lesponses, 
namclj’' ( 1 ) a mixed ie<iponsc, pioduced bj mixed dusts containing some free 
silica chaiacteijzcd bj a icaction which uas piedommantlj inert, but tvIucIi 
had a few topical silicotic nodules scattcied tlnoughout the tissue, and ( 2 ) 
a mdiary piohfaaine icspou^c, pioduced dusts that possessed more irritant 
piopeidies tlnn those exhibiting the uncomplicated prolifeiatne leaction When 
such dusts were iiitioduced it appealed that their iiiitant component incited 
such inaiked mo^elnent of the oigans that the dusts weie widelj distributed 
tlnoughout the peiitoneal caMti Whereiei paiticles of this tjpe of dust 
weie deposited, a piolifeiatne lesponsc was obtained 

This ■nitual biologic assaj has jieldcd an abundance of helpful infoima 
tion regarding the haimful effects to be expected from a ^arletJ of dusts 

The effect on tissues elsewhere m the body following the introduction of 
dusts foims the basis for a nuinbei of publications Kettle® studied the re 
sponses of subcutaneous tissues, and Kettle and Hilton^® introduced dusts 
directly into the lungs thiough the trachea Their conclusion from this latter 
study was that the leaction of the lung to dust introduced in this metliod is 
essentiallj the same as to dust introduced by the inhalation method and may 
ad-\antageousl> leplace the dusting chamber for many pui poses foi which 
it has hitherto been consideied necessarj Policaid^^ used the cornea and 
conjunctna in his studies Dimker and his associates^® and Stuber^^ have 
injected seiicite and industiial dusts containing free silica into the lymphatics 
of dogs It w as their opinion that the ccllulai lesponse of the draining lymph 
nodes might be developed into a lapid means of determining the toxicitj of 
certain dusts 
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IMPLANTED DUSTS- 
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L ately several inquiries have sought to establish the physiologic responses 
J of various body tissues to divers dusts iu different pai’ticle size ranges. 
As a consequence, there is at hand extensive experimental information deal- 
ing with the action of many specific dusts and mixed dusts, some of which 
have been applied in studies under conditions simulating the exposures ex- 
perienced bj^ workers in dusty trades. Among others, Mavrogordato, Gard- 
ner, and Gye, respectiveljq have studied the action of dusts in the experimen- 
tal animal by the inhalation method. In this procedure, it appeared necessary 
that artificial dusting be continued over a long period, such as from two to 
fiA'^e years. ObAnoush’, the time factor hampers inquiries canned out in this 
manner. 

As early as 1924, Sayers,^ in an effort to reduce the time period required 
for the appraisal of the properties of unknoAvn dusts, began experiments to 
determine the action of diA'ers dusts injected into the peritoneal cavity of 
guinea pigs. He concluded that liA’ing animal tissue in anj' iiortion of the 
body tends to respond in essentially the same manner to any dust, but that 
the action for every individual dust AA-as specific. Selecting the peritoneal 
caAuty as the most suitable point of application, he observed that, in addition 
to the foreign bodj’ reaction proAmked by all dusts, highlj' different changes 
resulted from the presence of specific dusts. Thus, quai’tz leads to extensive 
proliferation of fibrous tissue, but this Avas not elicited by limestone or coal. 
In reports based upon continuation of these experiments, Sayers and his 
associates-'^ described a technique for the determination of the fibrogenic 
properties of uukuonm dusts folloAAung deposition AAuthin the peritoneal cavity. 
In addition to the usual foreign body reaction, three general types of specific 
reaction were described, namely, the proliferatHe, the absorptWe, and the 
inert. Within ninety daj'^s the type of reaction proAmked may be detei’mined, 
and often changes proA^oked within thirty days maj"- provide proper conclusions. 
These three reactions in more detail were found to be : 

The proliferaiivc response: charactei'ized by the production of nodules that 
progressHely increased in size. These nodules, Avhen occurring in clumps, fused 
together and formed a large single mass. Numerous capillaries Avere present 
on the surface and throughout the nodules. The appearance Aims that of 
cellular proliferation. It Avas their premise that this pathology was appar- 

•From the Bureau of Industrial Hygiene, Department of Health, Detroit. 
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THE PRESENT WORK 

In the present series o£ experiments 50 rabbits were used. They received 
varying doses from 1 to 4 o.c. of n dust suspension (1 e.c. of suspension equals 
0.1 gm. dust). Ten received amorphous .silica;* ten, white rouge;t ten, 
calcium carbonate ;t and ten received magnctite.§ The remainder were not 
injected and used as control animals. The majority of animals were sub- 
mitted to autopsy thirty days after injection. Twenty animals were autopsied, 
as a control measure, at periods of fifteen, forty-five, sixty and ninety days. 
The injected material containing ns much as 0.4 gm. of dust did not result 
in any apparent discomfort to the animals either immediately after injection 
or for the duration of the experiment. The weights of the animals over the 
experimental period sliowcd normal gains and infection or injmy produced 
no loss of animals. 

Preparaiion of the Dusis. — Four dusts, shown by intraperitoneal injections 
into guinea pigs^’ ® to he r-eprosentativc of the three main tj-pes of reactions 
elicited by dusts in animal bodies, were chosen for this experiment : white rouge 
and amorphous silica as proliferative dusts, magnetite ns an inert dust, and 
calcium carhonnte as an absorptive dust. 

The dusts were injected in the form of suspensions, prepared by placing 
10 gm. of dust in 100 c.o. of isotonic saline solution and shaking thoroughly. 

Technique of the Injeciion . — No preliminarj’ preparation of the animal was 
found necessarj-. The rabbit was stretched out by his front and rear legs on a 
table with the side to he injected uppei’most. A 5 e.c. hypodermic syringe 
with a glass plunger and an 18 gauge needle were used to inject the suspen- 
sions. IVith particles of the size used, little difBeulty was experienced due to 
locking of the syringe. 

The pleural cavity was entered by introducing the needle through the 
skin in the fourth intercostal space about 3 cm. lateral to the sternum, direct- 
ing the needle downward and slightly backward and carefully inserting the 
point until it barely penetrated the parietal pleura and entered the free 
pleural space. "When certain that the needle was in the free space and not 
in the deep muscles or chest organs, the suspension of dust was injected. As 
a precaution against the possibility of entering the lung tissue, it was found 
advantageous to introduce a few cubic centimeters of air into the pleural 
space before injecting the material, therebj’ producing a partial pneumothorax. 

•Amorphous silica — an air floate<l cr> ptocn stallinc material, specific graMtj 2 G, 100 per 
cent through 600 mesh. Contains 98 47 per cent free silica (SiOi). Purchased from Fredrick 
B Stevens Co . Detroit Size distribution of particles — 25 per cent under 1 micron, 75 per cent 
under 2 microns, 05 per cent under 5 microns. 99 per cent under 10 microns 

tWhite rouge — air floated from "Silica jSOO" mined In Southern Illinois Contains 99 per 
cent free silica (SlOs), 100 per cent through COO mesh. Purchased from Terminal Sales Corp , 
Detroit. Size distribution of particles — 15 per cent under 1 micron. 62 per cent under 2 microns, 
80 per cent under 5 microns, 9C per cent under 10 microns 

tCalcIum carbonate — a Malllnckrodt analytical reagent, more than 99 per cent calcium 
carbonate, mechanically screened through a 323 mesh screen. Size distribution of particles — 
10 per cent under 1 micron, 20 per cent under 2 microns, 40 per cent under 5 microns, 77 per 
cent under 10 microns. 

SMagnetite or black iron oxide (ferrous-ferric) — a Malllnckrodt reagent mechanically 
screened through a 325 mesh screen. Size distribution of particles — 25 per cent under 1 micron. 
55 per cent under 2 microns. 75 per cent under 5 microns, 87 per cent under 10 microns. 
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Gi'oss Pathology . — ^White rouge and amorphous silica, composed almost 
completelj^ of free silica, produced identical gross reactions in the pleural 
cavity of the rabbit. The siliceous material was scattered throughout the 
camty, although the larger deposits were found at the site of injection on 
the chest wall, and on the pericardium. Numerous small deposits were found 
on the lungs and on the mediastinal pleura overlying the vena cava. Nodules 
were rarely found on the diaphragm, which is worthy of note since in intra- 
peritoueal injections the diaphragm is one of the tissues more frequently af- 
fected. This picture of the distribution of dust in the pleural space was true 
for black iron oxide and calcium carbonate as well as for the silica dusts. 

White rouge and amorphous silica (Fig. 1) produced nodules that were 
eompai’atively large in size and showed a strong tendency to fuse ivith those 
adjacent. Deposits as large as 2 cm. in diameter, adhering to the pleura and 



Pig. 1.— Free silica (-sv-hite rouge). Large irregular masses on pleural surface of chest wall 
characteristic of a proliferative reaction. 

pericardium, were commonly seen after thirty days. Numerous capillaries 
were present on the surfaces and throughout the nodules, giving the appear- 
ance of cellular proliferation. In almost every case, thirty or more days after 
injection, numerous adhesions between chest wall and lung, chest wall and 
pericardium, pericardium and lung, and lung and diaphragm were observed. 

Calcium carhonate produced a I’eaetion in the rabbit chest that has been 
designated as absorptive. Forty-five days after injection the material had com- 
pletely disappeared from the body and to all appearances had left the chest 
uninjured. After thirty days, two of the rabbits showed a single, small, round, 
hard, white deposit of calcium eai-bonate loosely adhering to the pleural sur- 
faces by one or two fine strands of fatty connective tissue. Capillaries were not 
present in or on the deposits and there were no eiddenees of cellular pro- 
liferation. 
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Magnetite (Pig. 2) tended to aggregate into one large flat smooth glistening 
deposit, either at the site o£ injection or on the pericardium. Occasional small 
deposits were seen on the visceral pleura. Ninety daj'S after injection the 
quantity of magnetite in the pleural eavit}’ approximated the amount injected. 
No cellular proliferation was observed. Thus, since neither a diminution of 
material nor celhdar proliferation was in evidence, the reaction was termed 
inert. 

AVhenover animals were dispatched during early days after the injection 
of any dnst, there were observable the usual and expected evidences of a 
foreign bodj- reaction. Prior to the expiration of thirty days, the evidences 
of the initial foreign body reaction had completely snbsided. 



Fig. 2 — Black Iron oxide (magnetite). Mosses of pigmented material on pericardial pleura 
An Inert reaction. 

Microscopic Pathology. — White 7'Oiigc (Fig. 3). Microscopically tlie tis- 
sue response is tlie proliferative reaction characteristic of free silica. There 
are large masses of cells having the appearance of macrophages in tvhich can 
be seen particulate foreign material. In many areas the nuclei are more or 
less distinctly grouped in rosettes around collections of particles of foreign 
material. In many of these nuclear groups the boundaries between the nuclei 
are indistinct or not visible, giving these masses the appearance of aggrega- 
tion giant cells. In a few areas two types of change are observed in tbe 
nuclear rosettes. One change consists of an intensification of staining, an 
increase in opacity of the cytoplasmic material, and a decrease in cytoplasm 
relative to the amount of nuclear material present. The other change ob- 



50 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


served consists of an increase in tlxe cytoplasm in proportion to tlie amount 
of the unclear material with the ej’^toplasm becoming paler. Here the nuclei 
are small and are placed in the extreme periphery of the cell mass or aggre- 
gate In a few cell groups where these cell processes are most marked, a 
nuclear fragmentation occurs These changes seem to represent progressive 
stages of degeneration. Fibroblasts and young fibrous tissue cells are present 
in varying numbers in different sections of the material and also in different 
portions of the same section. 

Magnetite (Fig. 4). Microscopically the tissue response is the so-called 
inert reaction. Here large amounts of deeply pigmented particulate material 
appear in the sections. Most of this occurs iiitraeellularly and has the ap- 



Fig-. 3 — Free silica (^ihite rouge) Pliotomicrograph (high power). Section from nodule 
shown in Fig 1 A proliferate e lesion with giant cell formation and particulate foreign 
material m surrounding cells 

pearauee of being phagocytized in such large quantities that the details of the 
phagocytic cells are obscured. A delicate connective tissue mesliwork with a 
few fine capillaries supports the phagocytic cells. There are also present a 
few large angular masses of foreign material and around these are typical 
foreign body giant cells. 

Calcium carhonatc. iilieroseopically no characteristic changes are apparent. 

MvUiple Injections in the Same Ammal . — ^It was carefully noted that in 
no ease was there a spread of material from the injected side of the chest to 
either the opposite pleural space or to the peritoneal cavity. This suggested, in 
the interest of eeonomj’, the utilization of one animal for the testing of three 
dusts simultaneously, injections being made into each pleural cavity and into 
the peritoneal cavity. 




BRADLEi riRSi riiA “sioi one nrspoNsn or i-ixunAL surfaces 


51 


A second na\ in nliitli the tliiee bodj caAitics of one animal niaj be em 
ploA ed IS to use a single dust but to make the tliiee iiiieetions at such inteiAals 
that at antopsA it aaiH he possible to obsciAC the lesuU.int pathologj fifteen, 
thii tA , and siMa daA s aftei ngeetion 

In this stiuh ten of the e\peiimental aiiinials Aieie submitted to the im 
plantation ot dints into 1 oth pleui d spins and in one case dust iias intio 
dneed into all thiee of the sites suggested aboAe In no case did the animals 
shoAA aiiA ill eflects fioiii the multiple injections 

X Itai/s — Xiajs AAOie made ol the chests of fiAc labhits to determine 
AA bethel the ehaiaetciistie piolifeiatiAc nodule piodnccd bj fice silica could be 
distinguished fioni iionpiolileiatiAC nodules bj this means Tiio of the fiAe 
lahbits had leeened Ailiitc loiige, Jaao anioiphoiis silica, and one magnetite 



Hg 4 — Black iron oxl le (nngnptitc) Photomiriogiaph (high ponei) ‘section from pigmented 
miss shown in Pig 2 \n ineit reaction 

Definite slmclo-ws could be seen on the xiaj pi ites of the magnetite labbit 
and on one of the ■white longe labbits The location of these shadoAvs ■\vas 
«'ubseqiient]\ con elated with the autopsy findings, but it was concluded that 
although the nodules could be ieadil3 seen on the \la^ plate, they weie of 
no diagnostic significance 

SUMMARi 

Fortj labbits weic subjected to intraplcunl iniphntation of dust and, 
with ten additional labbits contiols weie aiitopsied aftex fifteen, tluitj, 
fortj fne, sixtj and ninet'\ di'vs 

Tjpical ineit, absoiptnc and piolifeiatne leactions weie pioduced bj the 
pleiiia in lesponse to \aiious dusts 

These i espouses weie essentiallj the same as pioduc'^d in seious ca'vities 
elsewheie in the bodj b^ othei workeis 
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The injection of a dust or several dusts into both iileiiral caAuties and 
into the peritoneal cavity of the same animal was found to be a practical pro- 
cedure resulting in the saving of animals and time. 

The pleural cavity, due to its close proximity to lung tissue, proved to be 
a suitable location for the study of the physiologic response of serous surfaces 
to implanted dusts. 


The authors extend thanks to W. L. Brosius, M.X).. Patliologist, Department of Health, 
Detroit, for microscopic examinations of tissues and preparation of statements in this report 
dealing with microscopic changes. 
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aKASONAL AND K]XUOi\aD TACTOKS IN ACUTD KHEUiAIATIC 
niVEK AND KIlEbJIATIC HEART DISEASE* 


CL\Rr\cF A Alirrs, j\I D , Cincinnati, Ohio 


jV^ EDICAL sciciuo Ii.is madti htlle hcadw.n in its attack on the piohlems of 
^ J ifieumatic ini'cetions and the nioie chionic ioims of aitliiitis, although the 
iccent incieasc in inACstigatne mteiest gi\es use to a dcgicc of Iiopc These 
ailments piohahh laiik close aftei icspiiaton infections as disabling factois 
111 tlie piodudne aclnitics of human cMstcnoe And tlic\ ha\e been just as 
resistant as has the common cold to iincstigalnc success Theie is, in fact, 
a moic significant lelationship betAACcn iheumatic infections and those of the 
uppei iGspuatoiA tiact than this similautA in icsislance to nnestigatnc success 
A great mam of the initial liicuniatic fe\ei attacks aie actnallA usheied m In 
acute iippoi lespiraton infection, and both show the same seasonal lelntionslnp 
to stoiminoss Close stud\ b\ a mimbci ol imestigntors, howc\ei, has failed 
to pioAide conclusne pioof tliat the icspiiaton infections aic diicct cxeRing 
causes of the ilieumatic attacks, c\en though the two moA often be closeh asso 
eiatcd in then seasonal and icgional timing 

It IS well, Iheiefoie, to loob closeh into all possible factois that maA pio 
ducc regional oi time diffoieiiecs m the disease incidence oi se\ent\, in the hope 
that useful etiologic oi therapeiuic suggestions maA show foith Hence, in this 
aiticle wall be set foilli ceitain Significant iclationsbips m the legionnl and time 
distiibution of ilieumatie afilictions The c\idcntc presented indicates that some 
factor coiieeincd with the mo\cmcnt of mnior stoim aieos oAer the earth’s 
surface e\eits a dominant influence in dctei mining the incidence of these at 
tacks Let ns look hi icfli at tins eiidence 

Rlieumatic infections, and the lesulting disabilities, iiie peihaps more 
direetlj and complctch conditioned In climitic and weathei chaiactciistics 
than aie am olhei diseased states Complaints of tins hpe aie inficqiient 
among lesidents of the tiopics oi sub tiopics, and inciease lathei steadilj as 
one passes outward into the teinpciate zone stoim belts Rheumatic feiei at- 
taek*, ,ind ikemnatie he.'iit oecui ten to fmres mote often m the 

worst aieas of the stoim zones than in the calm waimth of the tiopics And in 
1101 them countries then diffeicncc in incidence between wmtei Ingli and summer 
low IS almost as striking as is the jcgional one At Cincinnati acute iheumatic 
fc\ci attacks aie OAer si\ times as ficquent in Sfaicli as in August and Septem 
her, wliile at Buenos Aires little seasonal ■\aiiation attends tlie moic equitable 
j ear round climate Then, too, those afflicted in the noith usualh show iin 
pioAcment iii s\mptoms on migiation to the climatic calm and waimth of siih 
tropical regions 

•From the Depaitment of Internal Medicine Unnersitj of Cincinnntl 
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111 Fig. 1 is presented the seasonal distribution of acute I’lieuinalic fever 
attacks in three widely separated ]io.spila]s, one in Cincinnati, anoliier in San 
Francisco,^ and tlie third in Peiping, China.- Each curve shows the marked 
increase in attacks that comes with winter cold and storms, and the great diminu- 
tion in summer warmth. The accomiianying curve of temperature variability 
dne to the passage of storm areas over northern United States is seen to parallel 
the monthly incidence of rheumatic attacks at Cincinnati quite closely, .inst as 
we found for the onset of symptoms of pulmonary tuberculosis at this same 
city. At Peiping the difference in incidence between winter and summer is 
slightly less marked than at Cincinnati, and at San Fi-anciseo the winter peak 
is only four times the summer low, while at Cincinnati the attacks are six and 
four-tenths times more prevalent in late winter. This lesser seasonal swing at San 
Francisco may well be causally related to the lower incidence of winter storm 



Fig:. 1. — Seasonal fluctuation in frequency of acute rheumatic fever attacks. 


fluctuations there, for winter and spring weather at Cincinnati is much more 
subject to abrupt and marked change than is that of San Francisco or a similar 
latitude in North China. 

Regional differences in the incidence of rJiewnaiic heart disease have been 
best estimated by careful examinations of groups of school children. Niehol'’ 
found only one-fourth as much such heart disease among 1,500 native school 
children of kliami, Fla., as in a similar number who had migrated to liliami 
from northern states. Even more marked differences were found by PanP 
on examination of Indian school children, as shown by the data below : 


LOCATION OF GROUPS 

LATITUDE 

NUMBER EXAM- 
INED 

PER CENT WITH 
RHEUMATIC HEART 
niSEASE 

Montana and AVyoming 

44-46° 

ess 

4.5 

Northern Arizona and New Mexico 

36-37° 

1,106 

1.9 

Southern Arizona 

32-33° 

1,019 

0.5 
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The same invcstiniatoi'’ foiiiid a 2.2 per cent incidence among 2,624 scliool 
cliildrcn in and around New Haven, Conn., at a latitude between that of the 
northern and middle groups of Indian children. 

Among hospitalised populations there is evident an even greater difference 
in incidence of rhcnmiilic heart i/iscnsc, estimates of its prevalence in the south 
ranging from ono-lucntioth to one-tenth that found in northern hospitals.^ 
Faulkner and AVliite” showed that this finding had world-wide application, for 
hospitals of middle temper, ate regions nsiiallj- had ten to twenty times as great 
a percentage of their patients so alTlietcd as w,is to be found in hospitals of 
the tropics or suhtro])ic.s. CohuriF found very little rheumatic involvement in 
Puerto Rico or other tropical countries, .Tlthoiigh Puerto Ricans migrating to 
New York had a relatively high frequency of rheumatic infections There would 



Fjf? 2 — Region il \ariatlon5 In acute rheumatic fe\er death rate 


seem, tlien, to be little doubt that rheumatic heart involvement is decidedly more 
common in the cooler, more stormy portions of the temperature zone than in 
tropical or subtropical warmth. 

Similar differences in the incidence of acufe rhcuviatic fever have been 
found among hospital populations north and south, although no survey of 
incidence has yet been made in nonhospitalized populations. In Fig. 2 is pre- 
sented the distribution of acute rheumatic fever deaths per 100,000 population 
(white race only) for a five-year period (1926-1930), showing a much less 
striking difference in deaths from the disease than in its incidence among the 
living. The death rate in the two worst areas is only about twice as high as it is 
in the least afflicted regions. The Rocky Mountain and higher plateau states to 
the east form one area of high death rates from this cause, while from Iowa east- 
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ward to the Atlantic Coast is located a second unfavorable region. A decided 
latitude gradient is also in evidence in the figures for the white population as 
given in Fig. 2, but negro death rates afford more striking evidence in this 
respect. 


Aci'te RnEUitATic Fever Dfatii ILvte.s per 100,000 Coeored Popueation 

(192G-10.t0) 


Alaryland 

7.73 

Kentucky 

S.31 

Aqiginia 

6.39 

Tennes.sec 

5.23 

North Carolina 

4.53 

Alabama 

3.74 

South Carolina 

4.25 

Arkansas 

2.87 

Georgia 

3.73 

Oklahoma 

2.70 

Florida 

3.23 

Mississippi 

Louisiana 

2.54 

2.19 


Negro I’ates are in every state higher than those for the white population, 
and the increase northward is also more rapid, as has been found to hold with 
many other climatically conditioned diseases. The latitude gradient is cpiite 
evident, however, ivith both Avhite and colored ])opnlations. It can scarcely be 
related to sunlight intensity, because of the relatively low death rates found 
Avell upward along the Pacific Coast and in port of New England. Even 
in the belt of lower rates up the Plains states the northward increase is seen. 
No explanation can be offered for the lower death rale in the Plains states, but 
in this connection it is ivorthy of note that Faulkner and White® cited a re- 
markably low incidence of the disease and its heart complications in hospital 
populations of Omaha. This city, the only one cited in the Plains region, re- 
corded a hospital incidence far below that of other cities of similar latitudes. 

The reason for the general discrepancy between acute rheumatic fever 
deaths and the incidence of the disease and its heart complications in living 
populations is probably to be found in a more vigorous body resistance to the 
infection and higher survival rate in the more energetic northerners. This 
difference in ability to fight such infections as acute appendicitis and tuberculosis 
has been xiointed out® as probably due to the generally higher metabolic level and 
higher vitality of people living in the northern states, as compared to those 
living nearer the Gulf of IMexico. Such a difference explains quite satisfactorily 
the finding of a smaller increase in acute rheumatic fever deaths toward the 
north than is found for the incidence of the disease in school children and ho.s- 
pital xminilations. Deaths increase approximately twofold in the worst regions 
as compared to the regions of low rates, Avhile a tenfold difference in incidence 
is found. Abilitj' to fight the infection must, therefore, be several times higher 
in the north than in the south, .I’ust as was demonstrated for acute appendicitis 
and tuberculosis. 

In further support of these differences in the disease between our northern 
and southern states is a seasonal difference described by Greenwood and Tliomp- 
son® for London, Young’® for England and Wales, Christie’ for San Francisco, 
Dieuaide and Chang- for Peiping, and Faulkner and White" fer eastern United 
>States. In Fig. 1 have been set forth the seasonal variations in acute rheumatic 
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fe\ci attacks at Ciucimiati, San riaiipisco, and Ptipiii", China Cobntn 
desciibes a somewhat snnilai seasonal distiihution of acute iliciimatic admissions 
lo noithoin hospitals He states that at Buenos Aiies little seasonal diffeienee 
Ml attack fiequcnc.^ exists, winter being onh slighth highei than siimmci Tins 
again points lo weathci lnstahlht^ ns a dominant iaetoi, paiticulaih when 
associated with cold oi bod\ cliillmg fiom cxposiiie Stoiminess at Buenos 
Aiics is gieatest m then summci season, the winteis being cool but calm Swift” 
also cites sc^Clal studies lelating the fictiucnc\ of attacks quite closeh to peiiods 
01 seasons of changeable wcathei 

Based on these definite icgional and seasonal clifTeicnces in the disease 
\aiious gioups of ihcumatic hcait disease lulunts ha\c been sent fiom northern 
legions to tiopieal waimlh, and with good results "While m the e dm waimth 
of Aliami 01 the "West Indies, noitlicin boin patients cxpeiience fcwei le 
( 1 udesceiues and show impio\cnunt gcmialh Such impioMiiient is soon lost 
Ijoweiti, when thei must again expeiunci the noithein wintei and eaili spiing 
weatiiei Toi listing licncfit the\ must foiego Ining in tlie stoinn noitli and 
take up peinnnent lesidence in subtiopical waimth Due to the iaut\ of stoim 
thaiigcs m the Southwest, losidenec theie neai the Mcxiean boulci would piob 
abh be found e\on moic bciichci il thin in southein Doiida oi the "West 
Indies, wlieie stoims of the tiopual huineaiic l^pe so fieijuenth come Thcic 
is a stiong suggestion tint the sudden change ol biiomctiic pussme which 
accompanies tiopieal luuiiciiics, imn lie pist as impoitant i lactoi in piomoting 
mam t\pcs ot intcctious attacks as aic similu picssuic cli inges aocompaming 
tcmpciatc zone stoinis In tompciate legions we ha\c been prone to place 
moic blame on tcmpoiatuic and humidit\ fluctuations m explaining the gmI 
effects of sudden stoim changes, but fuithei icseaich nun well show piessmc 
cliange to be anotliei icsponsible factoi Rcntscldei and cowoikeis'^ found 
closci couelation of aithritic pain attacks with stoim changes in baiomctiie 
piessurc than with othci mcteoiologic factors 

jrention should he made of tlie sc\ciiU of acute ihcumatic infections m one 
subtropical region of lelatnch low stoiminess In the mining legion of 
South Afiica ilieumatic infections seem to be as sc^eic as m any of the stormy 
tempeiatc climates "Whethei this sc\eiitj is iclatcd to woik in the deep mines 
cannot be said until the question has been closelj investigated Verj high 
lespiiatoij disease death rates weie obserred among these mmeis until air condi 
lioning m the mines lessened the tempeiatuic diftciences hetwceii then depths 
and the outside an (and, of course, also aided in cloansing the aii in the mines) 
Close stud^ of the iheumatic pioblem in the South Atiican icgion miglit piOMde 
infoi Illation of great value in xcgaid to the geneial biologj oi those afflictions 

Tlie moie c\en seasonal distiibution of iheumatic fe\ei attacks between 
summer and winter in Buenos Aiies, repoited bj Cobuin,^ is of some significance 
in establishing the etiologic importance of atmospheiic instabilitj, cspecialh 
when sutb storminess is associated with lowei tempeiatines Abiupt tempera 
tiiic changes seldom stiike southern hemispheic inhabitants dining the wintei 
season In the noith, on the other liand, we not onh ha\e frequent and abiupt 
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cold waves, but they usually are ushered iu with precipitation to enhance the 
chances for body chilling. Young^® showed for England and Wales that 
rheumatic fever attacks bore a definite relationship to precipitation. He also 
found, as did Paul and associates® that the attacks were most frequent among 
the poor, who are likely to have least effective protection against weather changes 
in their dwellings or clothing (italics and suggestion mine). A ci’itical observer 
cannot but be impressed by the frequency with which hospital histories record 
body wetting or chilling just preceding the rheumatic attaclc. The frequency 
of acute respiratory infections also seems to play a definite part in the initiation 
of the rheumatic attacks, but they too arc initiated largely by weather changes. 
By and large, then, we must consider rheumatic fever and its complications 
directly or indirectly conditioned by the climate and the weather. Proper 
protection from sudden weather changes should go far to reduce the likelihood 
of rheumatic attacks. 

But for the individual already afflicted, such proieetion is usually inade- 
quate and migration out of the storm belts is advised. AVhere economic status 
permits, those afflicted with rheumatic heart disease (or chorea) should be taken 
south to avoid the cold and storminess of the winter and eai'ly spring season. 
If possible, permanent change of residence is still more preferable, the choice 
region from a climatic standpoint in this country being the southern parts of 
Nero Mexico, Arizona, and California. For the great number of afflicted children 
whose parents cannot afford such a change, a good suggestion would bo that 
convalescent camps or farms be established by the government in choice spots 
of the Southwest where the best possible chance for recovery, or an existence of 
limited usefulness, may be allowed. The total burden on public funds would 
probably be no more than is required by their frequent and prolonged stays in 
northern hospitals at high overhead costs. Such convalescent units in the 
Southwest could well serve for patients from the North with a variety of afflic- 
tions (chronic sinusitis, chronic bronchitis, arthritis, and tuberculosis) as 
well as the rheumatic heart patients. Those suffering from overstimulation or 
metabolic exhaustion in the North (patients Avith diabetes, pernicious anemia, 
hyperthju’oidism and earlj^ hypertensive tendencies, or heart failure) would also 
do much better by similar change of residence, although their region of first 
choice should perhaps be in the moist heat of the Gulf states. 

Since the disabling character of rheumatic afflictions in the North makes 
the care of such patients a heavy burden on their families or public institu- 
tions, it Avould really seem a wise public health move for the federal government 
to sponsor these health camps. Such a move avouM iiiAmlve recognition of a 
ncAV principle in public health activities, since the presence of these diseases in 
a population group entails no knoAvn health threat to persons not afflicted, Avith 
no call for segregation. But aaIw should not public attention be ghnn to the 
care of the afflicted themselves? The indicated treatment being change of resi- 
dence to a distant state, sponsorship of such a program must deAnhn on federal 
government agencies, klany details of organization and operation of this move- 
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incnt Mould need caicful stiuh, but the oIimous benefit to tlie mass of afflicted 
indiMduals Maiiants the effoit 

In icccnt ■veils considerable numbeis of northein ilicumatic patients ha\e 
been sent to Tloiidi foi sneccssuc mntci seasons, and nitli latlici disappoint 
iiiK results Rcciudcsccnccs lia\e occuricd duiing such southern sojourns, and 
the jjoiHial coiiisc of the disease has not been maihedh alteied in maiiA cases 
On the basis of stoimincss, oi wcathci \aiiabiht}, this result is lathci to be 
expected ^Vintci in rioiida has almost as gicat a degieo of ■weathei •vaiiabilitj 
as does noithein ■vvintci, although at a much highei mean tcmpeiatuic level 
One sliould not expect, then, much help to ihcumatic patients in n southern 
soiouin foi the vvmtei months onl\ Tlic stagnant summer vvaimth is the 
moic hencfieial tunc The Southwest, on the othei hand, shares vci> little m 
the wintci stoimincss that aflhets the remamdci of the conntrv The following 
data illustrate well the futilitj of migiation to Florida foi the winter months 
alone in an cffoit to escape stoun effects 


CoiFFICIEXTS OF TFMIFrVTUIL VArtvnillTV 
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In summaiv, then, it seems safe to sav that in acnlc ihoiunatic fevci we 
have an infection iniicli similat to those of the respirntoiv tiact in its climatic 
conditioning It stiiUcs most frcquentlv in the cooler, more stormj portions of 
the tompeiatc ^ones anil is theie a inoie violent foim of infection In the 
tropics and suhtiopies it is marUcdlv less frequent and more benign m couise 
The siiivival rate, judging loiighly from the data at hand, seems to be con 
siderablv Iiighcr in the moie vigoious people of the north, just as has also been 
found tine in lubeiculosis and acute appendicitis attacks Acute iheumatic 
fever strikes most fiequentlj in wintei and early spiing months and seldom 
in summer warmth Childicn with rheumatic heart disease also do best in 
summci warmth and suffer more recrudescences during winter and carlj 
spiing Since the heart damage is permanent and recrudescence so common 
in northern cold and storms, it is dcfinitclv indicated that these unfortunate 
patients be taken to a subtropical climate where the calm warmth will allow the 
disease to take a more benign course, and where the lowered general metabolic 
level will lessen the work load on the damaged hcait muscle IMigiation for 
such patients should be to regions well south, prefcrablj near the ilexiean 
hoidci fiom El Paso west, rathei than to southern Florida oi the AVest Indies 
vvliore tiopical storms and long debilitating suminei heat might mitigate against 
clnnocs for complete quiescence of the disease process Aligration should be 
pcrmaiient, and not for the wanter alone 
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REPORT OP A CASE OP ESSENTIAL HYPERTENSION OP MORE 
THAN TWENTY-FIVE YEARS’ DURATION SHOWING NO 
RENAL ARTERIOLAR CHANGES AT AUTOPSY^ 


Shepard Shapiro, jM.D., New York, N. Y. 


T he question still remains: Does the renal arteriolar sclerosis of essential 
hypertension, which is said to lie a eon.slant accompaniment of this disease, 
precede the rise in vascular tension ? 

Experimentally it has been dcinonslrated that renal ischemia causes liyper- 
tension. On this basis there is the possibility that in essential hypertension renal 
arteriolar sclerosis impairs the blood supplj- to the Iddncys, giving rise to a state 
of chronic ischemia ivhich in turn induces the sustained elevation in the blood 
pressure. 

Goldblatt^ and his eo-workers liave demonstrated that by constricting the 
renal artery they have been able to produce hypertension. Thej" showed that a 
state of renal ischemia resulted and that in response to this a pressor substance 
was liberated bj^ the kidney and poured into the circulation through the renal 
vein. These findings have been eorroliorated and liave en.ioyed general ac- 
ceptance. 

•From the medical services of the Hospital for Joint Diseases. Dr. A. A. Epstein, Ciiief, 
New York. 

Keceived for publication, Fehruarj' 23, 1938. 
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IIo^\evcl•, the application of these experimental findings to eases of essential 
hypertension requires further elucidation. Tlic liypothcsis already mentioned 
assumes that tlie arteriolar sclerosis is the initial disluihancc wliieh causes the 
aiUfjmentod hlood ])ressuic. 

The puipose ol this paper is lo icimil an illustrati\c case peilinent to tins 
question Tlic patient ^\as a known hypcitensive for more than twenty-five 
years, and at the autopsy showed noimal kidneys and normal aitcriolcs 

CASK. IIISIORY 

r. n,, first < oii'<ulto(l mo in Doionitwr, VJ2S She tlicn 4 5 jear^ old. When she wa'5 
jeiifM of aj^o, it \\a'< di'-co^eiod tli.it slie hul lii{»li blood picssure Wlien ‘•he uas 25, she 
deiolopod exophthalmos. A diagno^i*! of Graie**’ di‘>c.i‘H?, in addition to hjperten‘?ion, Mas 
made and a subtot il thiroidoctonij ii.is porfornioil Her blood p^cs^u^e at that time Mas 
220/110. FolloMing this there m.is no nb.itenient in cither the exophthalmos or the h^Tcrtcn 
Sion Eleion jears after the first oper.ition, she Man again operated on for recurrence of the 
sjmptoms of Graies* disease. At this time the blood pressure Mas still cleiated 210/100. 

She consulted me in PciOinher, 1028, complaining chiefli of shortness of bre.ith, especially 
after exertion. 

Her Meight Mas 100 pounds (00 4 hg.). The obcMtj, hoMcier, was symmetrically dis 
tnbutod throughout the body. There Mere no indications of myxedema. The lungs Mere clear 
throughout. The hoirt Mas enl.irged to the left. The rhythm mus regular A systolic blow 
Mas audible at the apex. The second aortic sound m.is accentuated and ringing m quality 
The blood pressure Mas 225/120. The li\cr and spleen Mere not palpable and no masses were 
felt. The urine contained no sugar or albumin, or other abnormal constituents The eyes Mere 
equally exophthalmic and i-IiOMod no rctinil pithology. Tlie basal met.ibohc rate Mas plus 
4 per cent. 

fehe M.IS seen again in April, 1920, at mIucIi tunc her Mcight Mas 200 pounds (00 D kg.) 
despite dietary rc-tru'tion, and the blood pressure 200/100. Tlio ba«al metabolic rate was 
minus 2 per cent. 

She Mas examined at irregular mterials thereafter, uioraging about tMjcc a year until 
April, 1933 During this period her condition shoMcd no noteworthy i.hange The Meight 
remained at about 200 pounds (90 9 Kg) and the Mood pressure 200 220 sys,tolic .and 100 llO 
diastolic The urine Mas consistently free of abnoimal constituents Tlie specific gravity of 
occasional spec miens Mas 1024 and 1.020 The basal metabolic rate remained Mithin normal 
limits Orthodiascopic examinations indicated enlargement of the left lontnclo 

In. .January', 1935, she complained of indefinite iirccoulinl pains, especially .after exertion 
Tlie blood pressure Mas 190/100 Examin ition of the heart revealed no striking change An 
electrocardiogram shoMcd inversion of the T wave m Lead I and left axis deviation The 
urine was negative. The blood urea nitrogen Mas 20 4 nig and sugar 98 mg per 100 c e. blood 
The vveiglit was 185 pounds (84 kg ). 

In September she complained of epigastric distress, especially after eating She had lost 
10 pounds (4 5 kg) in Meight and liad observctl some increase m her dyspnea after exertion 
Examination revealed a drop in blood pressure to 170/90 The soft blowing systolic murmui 
had become more pronounced and occasional cxti.isy stoles were heard The liver was not 
palpable, but for the first time the spleen was felt A binum series done shoitly after this 
showed a constant defect along the greater curvature m the nudportion of the stomach The 
enlarged spleen was clearly visualized There was no obstruction or delayed emptyang of the 
stomach or anv' part of the gastrointestinal tract The possibility of carcinoma of the stomadi 
with extension to tlie g.istrosplenie omentum and m\.iston of the spleen m.is considered lemote 

On Tifurdi 20, 193(j, the patient was suddenly seized with an attack ot dizziness, follow 
ing wlndi she vomited frosli blood Tlie liem.itemesis recurred, and she had several tarry 
bowel movements She was removed to the Hospital for .Joint Diseases, where m spite of all 
efforts including two direct tiansfusions, die died of oxs.anguination four days liter. An 
autopsy was performed one hour post mortem by Dr. C. J. Sutro 



62 


THE JOURNAL OF LABORATORY AND CLINICAI. JIEDICINE 


Autopsy Findings . — Only the pertinent findings are herein recorded: 

“Heart: The organ is in its normal anatomical site. TIic pericardial sac contains 
a small amount of clear fluid. Tlie lining is everj^vhote smooth and glistening. The heart 
weighs 300 grams. Most of the enlargement is due to hypertrophy of the left heart. The 
right auricle and ventricle are somewhat larger than normal. Tiieir endocardial linings arc 
everywhere smooth and glistening. Tlie tricuspid and pulmonary valves show nothing very 
striking. The cavity of the right auricle and ventricle is only a little larger than normal. 
The myocardium of the left ventricle measures in places from 2 to 3 errr. The endocardial 
lining of the left heart is everywhere smooth and glistening. Tire papillary muscles of the 
left ventricle are hj-pertrophied to almost twice the nornral size. The chordae tendineae are 
shortened. The mitral and aortic valves present nothing very striking. There is a small 
amount of calcification at the aortic ring. The commissures are normal in appearance. The 
mouths of the coronary arteries are patent. The sections of those vessels show only scattered 
atheromatous plaques. There is no stenosis present. 

“Microscopic section shows rtryocardial degenciatiorr; slight coronary .sclerosis without 
narrowing. 



Fig-. 1. — High power. Illustrating typical architecture of both kidneys. Normal glomeruli and 

artei iolcs. 

“Lungs: A few thin fibrous adhesions are present in the right and left pleural cavities. 
Otherwise there are no abnormalities. 

“Vascular System: The aorta is elastic throughout. Its arch is dilated to a very slight 
extent. An atheromatous plaque attached to one end of the intima is seen at the summit of 
the arch of the aorta. The thoracic and lumbar portions show a few atheromatous plaques 
nflth occasional calcification. 

“Liver: The organ is in its normal anatomical site. It weighs 3,000 grams. Its free 
margin is two fingers below the ninth rib in the right mid-clavicular line. The liver is brorni- 
yellow in color. The capsule of Glisson is uniformly wrinkled; beneath it can be seen closely 
set bronm to yellow nodules. These measure from 2-5 mm. in diameter. The entire liver is 
composed of these colored small nodules. The caudate and quadrate lobes are also involved 
by a similar pathologic process. Here too, are present small yellowish nodules. The liver is 
firm to the touch. Cross-section shows the presence of the above described nodules. No large 
mounds of liver tissue are to be seen. The hepatic ducts in the liver show no closure at 
any point. 

“Microscopic sections show normal architecture completely replaced by pseudolobules 
of varying size, separated by connective tissue which is infiltrated by many small round cells 
and an occasional polymorphonuclear leucocyte. The liver cells .show degeneration with con- 
spicuous vacuolization. 




'snmno ri-port of v op e^^sl^tul mpcRTENsiON G3 

“G'lstro Intcstin'il Tr'\ct The Cfaoplmgus is m its norm'll anatoraicil site Its muco«'i is 
discolored rcddi=li and numerous recent clots are seen on it The stomach is of average size 
The entire mucosa is red in color Large clots are seen in the lumen of the stomach The 
rugae arc someuhat itropluc Vloiig the Ic cr curvature is seen an ulceration measuring 
2J/ cm m diameter Ihe tissue about the ulceration is nnrkedU tliichcncd so that the wall of 
the stomach measures from to ''t of a cm in thicl ne«s J\o \c«scls arc 'eon in or about 
the ulcorition Iso perforation is found Ihe duodenum shows nothing verj striking Large 
blood clots are seen m the jejunum and ileum The mucosa of the small intestine "hows 
nothing lerj striking e\copt for reddish discoloration The large intestines also contain clots 
"Miero copic 'iction through the tlge of the gistric lesion shows tapical peptic ulcer 
“Pancreas Shows nothing abnormal 

“Spleen Tie organ is in its normal anitoimcil site It weigh 4(0 grams Part of 
the capsule IS thickened Tins presents itself ns a cal c icing surface Section shows indjs 
tinct ‘Malpighian corpuscles The organ is firm to the toucli It Ins a deep browa color 
There is an increase m stroma The pulp is firm The ve sels show nothing striking 

“Micro copic sections show perisplenitis with liialmizatioii and considerable iron pig 
ment deposition, sinus lupcrplisn with some fibrosis of the julp 



‘ Adrenals Both adienaK aic m tlicir normal mitoimcal sites Thej are of aierage 
size and slmpo Sections show that their cortices contain a large amount of yellow material 
“Kidnejs Both kidnejs arc of aicragc size and shape Thej are normally situated 
Tlie perireml fat is normal in quantity and has an orange color The capsules strip with 
ea'C Section slows tint the cortices are normal m width Tlic cortico medullary junctions 
arc sharp Tho caljces are normal in size The pebes show nothing very striking The 
ureters are average width The mucosae are cierjavlierc smooth and glistening 
“Microscopic section shows no significant change ’ (Figs 1 and 2 ) 

SITMM VRl 

The patient had hj pei tension for jnoie than a scoic of j ears , she succumbed 
at the age of 50 to an apparently independent condition At autopsj the heart 
•weighed 300 gm and the ludncvs on gioss and microscopic section a\ere free of 
anj abnoimalitv chaiactciistic of MTieitension In addition the patient had 
had Graves’ disease necessitating partial thvioid('etomy at the age of 30 and 
again at 41, which was CMdentU a supeumposed condition and not a c'luse of 



64 


THE JOURNAL OF LARORATORY AND CLINICAL MEDICINE 


the hypertension, because the blood pressure was known to be elevated several 
years before symptoms of hyperthyroidism appeared and continued markedly 
elevated for many years after thyroidectomy, during whicli interval the 
metabolic rale was consistently normal. 

A gastric ulcer had been ])rescnt and healed s])on1ancously willi very few 
symptoms during life to indicate its existence. The patient also had cirrliosis of 
the liver. This ivas probably a sequela to the hepatic degeneration which has 
been found to occur in Graves’ disease and the splenomegaly in turn was sec- 
ondary to this.- 

DISCUSSION 

It appears that eases, such as the one herein described, arc rare. A few have 
been referred to in the literature.^ However, the fact that they do occur is of 
the greatest importance. They establish the independence in at least certain 
cases of hypertension and renal impairment. 

There is no proof liere that the arteriolar sclerosis which constantly ac- 
companies essential hypertension^ is the result of the high blood pressure. To 
argue whether this patient would eventually have deve]o])ed arteriolar thicken- 
ing would be speculation. The findings, however, in the ease herein reported 
indicate that essential hypertension may arise and continue independently of 
any renal impairment. 

CONCLUSIONS 

A case of essential hypertension of more than twenty-five years’ duration 
complicated liy recurrent Graves' disease is reported. 

Evidences of renal impairment were consistently absent. 

At autopsy the kidneys showed no sclerosis of the arterioles or other 
pathology. 

This case establishes the possibility that normal arterioles including those 
of the kidneys are not incompatible with hypertension of many years’ duration. 

This case indicates further that essential hypertension may arise and con- 
tinue from causes still unknown but independent of any functional or organic 
renal pathology. 
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THE EFFECT OF LIVER EXTRACT UPON POLYCYTHEMIA VERA^ 


Rali'ii H. JIajoii, ^LD., Kansas City, Kan. 


T he (leiiioiistratiou by ]\Iinot ami Murphy^ of a liver fraction, effective in 
the treatment of poriiicions nnomtn, has focused attention upon this dis- 
ease as a deficiency disease. The proof that this anemia is apparently due 
to tlie deficiency of a certain tactor quite lojrically led to the theory tliat 
polycythemia vera is a disease in which this factor is present in excess 
This theory was supported by Monis. Schiff, mid Foul«:er' and by Brijrjr^ and 
Ocrtinjr,- who described impiovement in the blood count in patients of poly- 
cythemia folloninjr *iastric lavajre. This has also been supported by Patton, 
Allardyce, and McKeown," who describe polycythemia vera as the antithesis 
of pernicious anemia. ^lore recently Barath and Fulop^ have described an 
increase in the amount of the hemopoietic factor in the jrastric juice of patients 
with polycythemia vera ns compared with normal individuals. 

A number of years ajro it occurred to us that if polycythemia vera were 
due to an excess of a hemopoietic, antiauemic factor, then treatment of such 
patients with liver extract would further increase tlie blood count of patients 
with polycythemia vera. Two observations were made in 1931 and a third 
observation wa*- made in 1936. The blood counts were cairied out in the usual 
manner, and the hemojrlobin estimations were carried out with the Iladen- 
Ilausser hemoprlobinometer. A brief summary ot these patients is as follows: 

Case 1. — G. P., No 33448, male, iipe<l Co jear'i, was admitted to the hospital No\ ember 
21, 1330, and ^^as dismissed February 1.3, 1931. This patient on admission showed a red cell 
count of 8,930,000, white cell count of ll,ooO, and hemoglobin of 110 pei cent Fne dajs 
after admission the patient uas placed on I^illy’s loer extract, No two capsules three 

tunes a day. This thorapj was continued until the luticnt’s disiiiiss.il fioin tho hospit.il at 
which time his red tell lount w.is (»,(»()0,000 

i.LricULot \ 



n B.c. 

X\ B C, 

IILMOGLOUIN’ 

(PER CFNT) 

11/21/30 


11,550 

110 


11/22/30 

8,930,000 




11/23/30 

8,020,000 

13,650 

112 


11/30/30 




0 8 

12/ 1/30 

7,360,000 

12,050 

109 

11 

12/ 2/30 

6,790,000 



None 

12/ 4/:w 

7,030,000 



0.14 

12/ 5/i() 

6,600,000 



0,26 

12/ 0/30 

7,050,000 




12/ 8/30 

7,420,000 

11,400 

105 
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Case 1. — Cont’d 



R.B.C. 

W.B.C. 

JIE.MOGI.OlilN 

nETICUEOCYTES 
(PER CENT) 

12/ 9/30 

7,030,000 




12/10/30 

7,720,000 



None 

12/11/30 

7,500,000 



None 

12/12/30 

7,100,000 



None 

12/1.3/30 

6,540,000 



None 

12/15/30 

7,100,000 



None 

12/10/30 

7,200,000 




12/17/30 

6,840,000 

11,800 

111 

None 

12/1 S/30 
12/19/30 

8,280,000 



None 

12/27/30 

7,560,000 




12/30/30 

7,540,000 




1/ 2/31 

6,000,000 




1/ 6/31 

0,370,000 




1/ 7/31 

6,440,000 



None 

1/ 8/31 

6,020,000 



None 

1/ 9/31 

6,300,000 



None 

1/12/31 

5,760,000 

10,100 

104 


VI 3, 431 

5,400,000 


'None 

1/14/31 

5,740,000 




1/15/31 

5,650,000 




1/16/31 

.5,600,000 




1/19/31 

5,740,000 



None 

1/20/31 

5,570,000 



None 

1/21/31 

6,300,000 



None 

1/22/31 

5,840,000 



None 

1/31/31 

6,720,000 

11,000 

100 


2/ 0/31 

6,430.000 




2/ 7/31 

0,540,000 




2/11/31 

0,600,000 

10,200 

105 



, Case 2. — L. F., No. 3.3926, female, aged 50 years, wa.s admitted to the hospital Janu 
ary 12, 1931, and was dismissed .Taniiary 14, 1931. 'riiis patient was admitted to the hos 
pital following a severe epistaxis at which lime the cell count was red blood colls 6,360,000 
white blood cells 21,200, and hemoglobin 97 per cent. This patient was placed on liver ex 
tract. No. 343, two capsules three times a day, on .Tanuary 26, 1931, and the treatment con 
linued until January 9, 1933. The blood picture showed the following findings: 



R.B.C. 

W.B.C. 

IIEJIOGLOBIN 

1/21/31 

6,170,000 

18,000 

87 

1/28/31 

0,910,000 

2§,500 

88 

2/ 1/31 

7,900,000 

19,400 

103 

2/11/31 

6,710,000 

15,450 

90 

4/15/31 

7,350,000 

18,800 

97 

5/ 6/31 

8,090,000 

18,650 

100 

()/ 3/31 

8,200,000 

18,200 

103 

7/21/31 

8,410,000 

17,850 

97 

8/18/31 

7,400,000 

1,900 

94 

9/23/31 

8,120,000 

18,850 

100 

10/21/31 

8,630,000 

19,450 

100 

11/15/31 

6,900,000 

18,400 

100 (15.5 gm.) 

11/25/31 

8,950,000 

17,200 

103 

12/ 2/31 

8,760,000 

17,900 

104 

12/ 9/31 

8,380,000 

18,350 

103 

12/23/31 

9,020,000 

14,350 

103 

1/ 6/32 

8,450,000 

21,300 

97 

2/ 3/32 

7,700,000 

8,900 

90 

3/23/32 

7,940,000 

18,250 

94 (14.5 gm.) 

4/15/32 

9,090,000 

18,000 

97 

1/ 9/33 

7 640.000 

18,100 

103 
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Case 3 — T L, No 00390, mile, nged 5o jcir**, was admitted to the hospital November 
9, 19''7, and i\as dJsmis«:od Noicniber 30, 1937 This patient Ti\ns admitted to the hospital 
showing a blood picture of It B C 8,060,000, 1\ BC 10,200, and hemoglobin 148 per cent 
(23 gm ) This patient was given a highly potent liver extract m the form of Ecticulogen, 
05 cc , and these injections were given everj other daj The blood counts were as follows 



r D c 

W D C 

UEJIOOLOBIN 

RETICULOCVTI 
(PEF CENT) 

11/ 8/37 

8,960,000 

10,200 

148 


11/11/ 7 

9,200,000 

7,500 

154 

2 5 

ll/12/'’7 

8,840,000 

12,350 

154 

2 

11/13/^7 

9,000,000 

12,000 

154 

2 2 

11/15/37 

8,700,000 

13,200 

153 

1 

11/16/37 

9,010,000 

13,700 

158 

185 

ll/17/'’7 

8,990,000 

14,500 

160 

154 

11/18/37 

9,100,000 

10,400 

145 

OGG 

11/19/37 

8,890,000 

12,000 

156 

1 2 

11/20/37 

8,340,000 

12 200 

154 

1 

11/22/37 

4,820,000 

12,400 

150 

06 

11/23/3T 

8 200,000 

12,800 

154 

03 

11/24/37 

8 500,000 

12,100 

150 

06 

11/26/37 

8 900,000 

12,200 

154 

13 

11/27/37 

9 020,000 

12,700 

148 

08 

11/29/37 

8,roo,ooo 

11 900 

140 

0 4 

11/30/37 

7 9o0,000 

13,750 

152 

1 


The abo3e fiiuliiigs tteie mteiestmg to us in mow of the pieMous publi- 
cations of Stephan,® Ogaua,*^ and Ilitzcnbeiger^ These authors described a 
\ei 3 satisfnctoij fall in the led blood cell count of patients uitb poljcjthemn 
3 era follotving tieatmcnt uith h\cr extract Indeed, this treatment is recom 
mended bj thcmforpol3C3themia3era then Mens being, at least theoretically, 
the antithesis of those pie^ioush cited Oui obseraations haac led us to con 
elude that the Inei extract is without anj specific effect on the led blood cell 
count, the hemoglobin oi the icticulotjte count in patients suffermg from 
poljcathemia aeia Such aauations as we saw, we felt weie onlj the varia 
tions untreated patients often show and boie no relationship to treatment 
with Iner extract 
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THE REDUCTION OP PRONTOSIL SOLUBLE BY URINE"* 


John V. Scum, New York, N. Y. 


It was observed that, upon standing, urine specimens from patients being 
treated with prontosil frequently decolorized the dye they contained. In- 
vestigation revealed tliat upon standing for more than one day normal urine 
specimens, collected at random under nojisterile conditions, were capable of 
decolorizing appreciable amounts of dyestuff. Addition of phenol or mineral 
acid stopped the reduction proee.ss, as did boiling the urine for five minutes 
prior to the addition of the dye. Two urine specimens taken by catheter did 
not decolorize sterile dye solutions. It has been suggested' that the in A'ivo 
activation of prontosil maj- result from bacterial reduction processes. In the 
present instance, bacterial intervention functions mainly in increasing the 
urinary pH by alkaline fermentation. Cultures of B. coN did not decolorize 
very dilute sterile dye solutions. Addition of ammonium hydroxide, sodium 
hydroxide, or sodium carbonate accelerated the decolorization process. 

When added to normal urine in concentrations of 15 to 25 mg. per cent, 
prontosil was consistently reduced if 25 e.c. of the urine was boiled for fifteen 
to thirty minutes in the presence of sufficient alkali to darken the hue of the 
prontosil. A wide variety of urine samples was studied. In general, normal 
urine was not capable of decolorizing concentrations of the dye above 25 to 
30 mg. per cent \uider these conditions. This value varied somewhat with 
different samples, but more markedly with the conditions under which the 
reduction was carried out. Under these conditions uric acid, creatinine, 
cevitamic acid, and cysteine did not reduce the dye. However, glucose which 
normally occurs in urine in concentrations up to 0.4 per cent is known to 
reduce azo dyes in alkaline media. In agreement with the assumption that 
glucose is the reducing substance active in normal urine, it was observed that 
urine from diabetic patients decolorized higher concentrations of the dye, and 
similarly, adding glucose to the urine produced reduction of increased amounts 
of the dyestuff. Other reducing sugars, fructose, lactose, maltose, etc., pro- 
duced similar reductions. 

Air oxidation impedes the reduction process. Standard solutions of glu- 
cose (l.OM and O.IM) were titrated from a pipette into a casserole containing 
10 c.c. of boiling standard pronto.sil solution and 1 c.c. of sodium hydroxide 
(1 per cent). For high concentrations of the dye, the glucose was added in 
one or Uvo molar amounts, and the solution was boiled for three minutes 
after each addition. For lower concentrations ten moles of glucose were 
added at a time. Dye concentrations of O.OOOUI and 0.0005M required 200 

‘From the Department of Pathology, Harlem Hospital, New York. Dr. S. Weintraub, 
Director. 
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to 250 moles of jfluoose. O.OOIM required 70 to 90 moles, and O.OIH dye re- 
quired only 17 to 20 moles of ‘rlueosc for complete dccolorization. A similar 
influence of air oxidation in the urinary reduction of the dye at room tem- 
peratures was evident: surface layers ol the urine remained red much longer 
than the lower layers. 

Attempts to standardize the use of prontosil for the determination of 
urinary sugar were discontinued since unsatisfactory end points were obtained. 
Tlie final color depends upon the concentrations of both reactants and the 
pH. Alkaline solutions of glucose become colored from a yellow to a deep 
red brown, luid this color varies directly with the glucose concentration and 
is darkest in alkaline media. The resultant aminonaphthol is readily air 
oxidized in alkaline medium to a quinonoid green color, which varies in inten- 
sity directly Avith the dye coneentration, the time of heating, the extent of 
aeration, and the pll. A similar color change was observed in the reductions 
of the dye by normal urine which was allowed to remain at room tempera- 
tures. After complete reduction of the dye, aeration produced a greenish 
cast in the specimens, indicating the absence of hydrazines. 

It has been shown that prontosil- and similar dyes'* are reduced in the 
animal. Reduction may also occur in urine. Complete recovery of the in- 
jected dye in excretion studies necessitates that these reduction processes be 
considered. 
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LABORATORY METHODS 


CULTUEE VEESUS GUINEA PIG INOCULATION IN THE 
DIAGNOSIS OF TUBEECULOSIS"' 


Willis A. Murphy, M.D., and Dorothy Ehoades Duerschner, A.B., 

New York, N. Y. 


I T WAS not until Dorset’s description of his egg inedinin in 1902 that attention 
was focused upon the potentialities of cultural metliods for the successful 
isolation of tubercle bacilli from contaminated material. It is be 3 'ond the scope 
of this paper to discuss all the media and their various modifications that have 
been brought forth since that time. Suffice it to saj’ that the techniques of 
Petroff,^ Corper,- Sweanj' and Evanoff,® Lowenstein,^ and Petragnani,® among 
others have proved satisfactoiy in the hands of some investigators and unsatis- 
factorj" in others. 

Herman, Hansman and De Capita,® using Corper ’s medium, studied a large 
series of 537 cases with both guinea pig inoculations and cultural methods. Of 
these, 48 proved positive bj^ lioth methods. In an additional 28 cases the guinea 
pig alone became positive, whereas in 7 instances the culture alone became posi- 
tive. Naturallj’', they concluded that animal inoculation was a more reliable 
procedure. Nevertheless, upon analyzing their cases, one notes that guinea pig 
fatalities accounted for twice as nianj' failures as culture tube contaminations, 
drying of media, and breakage. The authors did not state whether thej- divided 
the material equally between the animal and the culture tubes. 

In 1931 Stadniehenko and Swcanj"^ compared the results of both methods in 
a series of 200 specimens of sputum that were negative on stained preparations 
of concentrated material. There were 36 instances in which a positive result 
was obtained bj'' either one method or the other. The guinea pig method was re- 
sponsible for 33 positive results and the culture method for onlj^ 3. The medium 
used was that of Sweany and Evanoff. There were no statistics on guinea pig 
mortalitj^ or contamination of cultures. It is not clear how man 3 >- tubes were 
inoculated or the relative amounts of material apportioned to culture tubes 
and guinea pigs. 

Feldman® found in the examination of clinical material that inoculation of 
animals is preferable because of its greater certainty. It is difficult to follow 
his line of reasoning because conclusion.s were based on a small series of 46 
eases, 41 of which were positive bj’’ direct smear and onlj^ 5 negative. Of these 
5, 2 were positive by animal alone and 3 were positive bj^ both animal and 

•From the New Yoik Hospital and Department of Medicine, Cornell University Medical 
College, New York. 
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cultuie In the icmaming 41 eases, as expected, eompaiable lesults weia ob 
tamed bj belli methods Thiec diftcicnt media totaling IS tubes ^\cle used in 
each test 

Latei the same authoi, in collaboiation \\ith Jfagath,^ icpoited on the e\ 
amination of 100 specimens negatne bj diicct smcai The methods of Coipei, 
Swcain, and ^Iiiaglia ucic tested Tuo thuds ot the sediment uas injected 
into guinea pigs and the lemaindci ^^as seeded onto at least 8 tubes of media 
Contaminations lau from 5 pci eent to 90 pei cent, depending on the digestant 
and the media used Thcic ^^ele 14 cases in nliich the animal alone ■was positne 
and onh 4 cases ■\^hclc the cultme ■\icldcd tubciclc bacilli railuie to leco-^er 
the tubeiclc bacilli in ten instances ma'v ha^e been due to the contaminated 
cultures 

On the othci hand, Noiton, Thomas, and Bioom,^° using the Pctiagnani 
medium, concluded that the cultuie nas the mote sensitive method Fiom 151 
cases negative bv smeai, 54 positives vvcic obtained, 35 bv both guinea pig and 
cultuie, IG b> cultuie alone, and 3 bv guinea pig alone Iliisehbeigei" found 
cultuies moic sensitive in a sciies of C9 cases Coipci ’s, Hahn s and Jliiaglia’s 
media vveie selected toi tins studv and pioved veiv satisfactorv 

Tiom this brief icviow of peitment liteiatuu one is left vvitli the impres 
Sion of a wide divcisitv of opinion conceinmg the cfficacv of cultuial methods 
It is also appaieiit tint unless even step is seiupuloush supci vised the end 
icsults of such an investigation arc apt to bo fiuillcss oi at least indecisive 
Poi that leason, it would not be unpaidonable to ciiticize the soundness of some 
of the methods of studv and the tcchniciuc cmplojcd thciein 

There has been a f.mlv gcnci<il Icndcucv to inoculate the guinea pig with 
gieatei quantities of tlie suspected inatoiial than the cultuie tubes Frequentlj 
two to thiee diffeient media involving 8 to 16 cultuie tubes vvcie tested simul 
taneouslj, thus allowing a meie fi action of the total amount foi each tube 
What IS more impoitant, vvhcic the cultuies alone pioved positive, few mdi 
viduals detcimined the patliogcnicitv of these acid fast oiganisms by animal 
test 

the ^RESF^T STUD\ 

It was the puipose of the aiithois to select one suitable medium and submit 
it to a piolonged, iigidly contiolled, parallel stiidj with guinea pig inoculations 
In pievious cultuie work m this laboiatoij, the Petragnani® medium had proved 
veij satisfactorj and therefoie was our logical choice 

Specimens were collected from patients m the Out Patient Department and 
medical pavnlions of the New Yoik Hospital All weic from pioved or suspected 
cases of pulmonarj tubeiculosis A total of 200 specimens compiising 137 
sputa, 38 gastric washings, 21 pleiiial fluids, and a miscellaneous group of 4 
was studied accoidiiig to the pioecdure outlined below Smeais made from the 
concentrated material of 171 specimens revealed no acid fast oiganisms Fifteen 
weiG slightly positive on smear and 14 maikedlj so These latter 14 weie used 
at the beginning of this studj to test out the method on Imown positives and as 
a further check on the efficacy of the medium chosen 



LABORATORY METHODS 


CULTURE VERSUS GUINEA PIG INOCULATION IN THE 
DIAGNOSIS OF TUBERCULOSIS*^ 


Willis A. Murphy, jM.D., and Dorothy Rhoades Duerschner, A.B., 

New York, N. Y. 


I T WAS not until Dorset’s description of liis egg medium in 1902 that attention 
was focused upon the potentialities of cultural methods for the successful 
isolation of tubercle bacilli from contaminated material. It is beyond the scope 
of this paper to discuss all the media and their various modifications that liave 
been brought forth since that time. Suffice it to say that the techniques of 
Petroff,! Corper,= Sweany and Evanoff,® Loweiistein,-* and Petragnani,*' among 
others have proved satisfactory in the hands of some investigators and unsatis- 
factory in others. 

Herman, Hansman and De Capito,® using Corper’s medium, studied a large 
series of 537 cases with both guinea pig inoculations and cultural methods. Of 
these, 48 proved positive by both methods. In an additional 28 cases the guinea 
pig alone became positive, udiereas in 7 instances the culture alone became posi- 
tive. Naturally, they concluded that animal inoculation was a more reliable 
procedure. Nevertheless, upon analyzing their cases, one notes that guinea pig 
fatalities accounted for twice as many failures as culture tube contaminations, 
drying of media, and breakage. The authors did not state whether tliey divided 
the material equallj’- between the animal and the culture tubes. 

In 1931 Stadniehenko and Sweany" compared the results of both methods in 
a series of 200 specimens of sputiun that Avere negatiA-^e on stained preparations 
of concentrated material. There Avere 36 instances in AA'hich a positive result 
AA'as obtained by either one method or the other. The guinea pig method Aims re- 
sponsible for 33 positiA^e results and the culture method for only 3. The medium 
used Avas that of SAveaiiy and Evanoff. There AA^ere no statistics on guinea pig 
mortality or contamination of cultures. It is not clear hoAv many tubes Avere 
inoculated or the relative amounts of material apportioned to culture tubes 
and guinea pigs. 

Feldman'* found in the examination of clinical material that inoculation of 
animals is preferable because of its greater certainty. It is difficult to folloAA' 
his line of reasoning because conclusions Avere based on a small series of 46 
cases, 41 of AAdiich Avere positive by direct smear and only 5 negative. Of these 
5, 2 AA^ere positwe by animal alone and 3 AA^ere positive by both animal and 
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end ot the fouilh ■week If m.icioscopic growth had not appeared bj this time, 
the lliicc lubes weie examined in the same oidei at the end of the fifth, sixth, 
and se\cnth weeks The cultures wcie discaided at the end of the eighth week 
The date of the first appcaiancc of giowth, both microscopic and macroscopic, 
was itcoidcd, likewise the piesence and nature of contaminants 

riwunation of the Guinea Piq — At the end ol the second week after in 
o( 111 it ion d tiibeiculin tost was done on each guinea pig, using 0 1 c c of a 5 per 
cent dilution of old tubeiculin intradcimalh This was icpeatcd weekly un 
til a two plus Jlantoux appeared, oi continued thiough the eighth week if the 
test remained negatne In am case the animal was sacrificed two dajs after the 
final te t An autop \ was pcihimed on each pig and the piesence of tubercle 
lacilli notul in tlic ti’^sius hdou a pcMtne mtei pi etatioii was atcepted as final 

UrSlTI TS 

As will be noted in Table I, of tlie 171 specimens negatne on stained 
picpaiatioiis, 136 failed to liLComc positnc b\ ciiltine or to piodiice liibeiculosis 
in the guinei pig, 22 became positne b^ both eultnie and guinea pig inocula 
tion, 9 bj cultiuc onl\, and 4 b\ animal test onh In most cases growth was 


T\du I 
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los in cuiTuri/ 

OSLT 

I OS BY GUINEA 
PIQ OSLX 

119 bputs 
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3 
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o 

0 

1 

35 Gistnc contents 
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0 

0 

lotnl 171 

13(> 

JJ 

9 
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noted on all three tubes of each set In tacli of the nine instances wrhen the 
cultiuc alone sieldcd acid fast Incilli, a poition of the \isible growth was in 
oculated into noimal guinea pigs All of these animals became infected, ga\e 
positnc Jlantoux tests, and showed extensne tubeiculous lesions at autopsj 
An additional 15 specimens, slightlj positnc on stained pieparations, were 
also tested Thiitceii gave positi\e lesults bj cultiuc and animal inoculation 
Two tailed to become jiositne bj cithei method 

AVlierc tlie specimens weie negatne bj smear, an aierage of thiitj dajs 
was lequiied foi the cultiiie to produce mncioscopic giowth, and an axeiage of 
thirtj thicc ehns toi the guinea pigs to show positne ]\tantoux tests Where 
the specimens wcio slightly positnc bj smeai, the time icqiuied for the cultures 
and animals to become positne was appioximateh one half as long as when 
the smeais weie negatne As a iiile micioscopic growlh was discovered about 
one week bcfoie characteiistic colonies weie Msiblc 

As will be seen in Table II the peicentage of guinea pig fatalities was eon 
sideiabh gieatei than the peicentage of complete cultuie set contaminations 
Howe%ei the actual iiumbei of iiulnulual culturr^ tubes contaminated was 25 
out of a total of 558 tubes, or 4 5 pei cent 
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Table II 

An Analysis op Uncompleted'' Ti:sts Due to Guinea Pig Patalities and Cultdke Con- 
taminations 


NO, OF SPECIMENS 

1 UNCOMPLETED TESTS" { 

1 PEIU'ENTAGE UN(’OMPI,KTED TESTS 

TESTED 

GUINEA PIGS 

[ CULTUHE SETS | 

GUINEA PIGS 

CULTURE SETS 

18G 

11 

! 2 

6 

1 


‘’Uncompleted tests refer to procedures which Iiad to be fibandoned Iiecause of tlte deatli 
of the animals or the contamination of ail three tubes of a culture set before the time limit 
of eight weeks. 


The contaminants encountered tvere of two Icinds: those forming discreet 
colonies, and those forming siireading colonio.s. Tlio hitter gave tlie most diffi- 
culty because once they appeared, the entire surface of tlie slant was quickly 
overrun. The former, however, in only a few instances, rendered tlie culture 
tube worthless for the identification of colonies of acid-fast bacilli. 

COMMENT 

In the early part of this article we have referred to the uncertainties that 
exist in the minds of investigators concerning the relative A'aluc of cultural 
methods and guinea pig inoculations. We have also placed great stress on the 
necessity of carefully controlling each step in anj' procedure used to determine 
the superiority of one method over the other. 

Altogether there were 171 specimens negative on examinalion of the stained 
preparation. Of these, 31 became positive by culture as compared irith 26 Iw 
guinea pig inoculation. Such an outcome indicates that the culture medium 
possesses a slightly greater sensitivity. 

We have little comment to offer concerning the two occasions in which the 
cultures did not yield growth when tlie slides wei'e po.-jitive. Tlie corresponding 
guinea pigs suceumhed to intereurrent infection in too short a period for de- 
velopment of tuberculous lesions. Although the culture method must he consid- 
ered a failure in these two cases, it sliould be remembered that occasionally 
guinea pigs fail to contract tuberculosis after injection with faintly positive 
specimens. 

The low incidence of contaminations in this series is noteworthy (4.5 per 
cent of the total number of tubes). We are convinced that this outcome could 
he attributed in a large degree to the fine state of dispersion of the material 
introduced upon the slants. Intimate contact of all the particles with the bac- 
teriostatic agent Avas thereby assured. 

Culture methods have certain very obvious economic advantages. In many 
communities, laboratories find it imiiossible to obtain guinea pigs. Where sueli 
a situation exists, cultures are recommended as a valuable supplement to routine 
slide examination. 

In laboratories ivliere guinea pigs are readily available and in routine use 
the culture technique affords additional diagnostic aid. 

CONCLUSION 

Petragnani’s medium is an effective agent in the isolation of tubercle 
baciUi from contaminated material. In our hands, the cultural method employ- 
ing this medium appears to possess a slight superiority OA'cr the guinea pig 
inoculation. 
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JIODiriED YA^ ALLEN HEJEATOCRIT TUBE PROVIDING FOR 
AUTOMATIC VOLUJIE ADJUSTMENT OF THE BLOOD SAiMPLE* 


George I\I Guest, JE D , Cincinn \ti, Ohio 


T he pipette hcic desciibcd Mas designed foi the determination of the \oliime 
of cells 111 blood accoidiiig to the Van Allen (1925) method, and to facilitate 
measuiements of cell \olume in a method for the dcteimination of red blood 
cell fiagilitj Mhich Mill he rcpoitcd Htci It ofters adiantages ovei the original 
Van Allen hematociit tube b\ pioMding qnickei and more precise measurement 
of tlie blood sample this being accomplished bj automatic volume adjustment 
of the sample in a capillary lube sinnlai to that used in the Tienner diluting 
pipettes emploj ed foi counting blood cells 

The Van Allen hematociit method possesses the advantage of requiring 
onlj a small amount of blood, obtainable by skin puncture , furthermore, in this 
method packing of the cells to constant volume can be attamed in a relatively 
shoit time and at a i datively low centrifuge speed because the blood is diluted 
m a salt solution having lovvei specific gravity and viscosity than the blood 
plasma Against these advantages may be (itcd the objections that the rubber 
sealing device may permit leakage dming centrifugation, and that the diluting 
fluid, although apparently isotonic foi noimal blood, may not be isotonic for 
bloods from subjects with various pathologic conditions Such consideiations 
as these must be weighed caiefully when a choice is made of any one of the many 
hematocrit methods v\hich have been devised for ceil volume measurements 

•From the Children s Hospital Research Foundation and the Department of Pediatrics 
University of Cincinnati 
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In the procedure as originallj’^ described by its author, blood is drauai into 
the Van Allen hematocrit tube up to the 100 mark, excess blood is wiped from 
the tip, and a diluting fluid (1.3 per cent sodium oxalate solution) is drawn into 
the tube until the bulb is about half filled. The tube is sealed — eitlier with a 
rubber band or with a spring clip device whicli holds a rubber cushion against 



Fig. 1. — Original and modified Van Allen hematocrit tubes. 
Fig. 2. — ^Diagram showing construction of the modified tube. 


the tip — and is then centrifuged. Tlie height of the column of packed cells, 
read from the graduations on the stem, gives the percentage volume of cells in 
the sample. 

In practice, accurate adjustment of the blood sample in the original tube 
is somewhat tedious and subject to error, inasmuch as the broad flat tip makes 
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difficult the Miping of excess blood fioin the end of the tube uithout pulling the 
column of blood au.n fiom the 100 maik The modified tube shoiin in Fig 1 
w.is designed piimaiih to oicicoiiic this ditfieultj For such a modification it 
Mas, of coiiise, not possible mciclj to substitute the Tienner tjpc of capillarj 
tube ioi the giadiiatcd stem of the original tube, because the blood cells when 
centrifuged Mould then settle at the flat shouldei inside the bulb instead of in 
the giadiiated stem uheie tlie column of cells is measured Both ends of the 
pipette, thcieioie, Mcie iitili/cd, one tor measiiiement of the blood sample, the 
othei foi nieasiuement of the column of packed cells after centrifugation 

Conitt iiitwii —The tapillaii tube A is tapeied at the tip, to facilitate Miping 
awai of excess blood, and at the opposite end it teiniinates in a gioiind and 
polished sill face at light angles to the longitudinal axis The volume of the bulb 
has Leeii made (aibitiarih) appioximatelv 100 times that of tube A It is 
formed sepaiatelv, hloMii from tube B in order to provide a smooth funnel 
shaped opciinig into the lattci, and is fused to the shoulders of tube A The 
graduated poitioii of tube B lias a volume cxactlv equal to that of tube A, and 
lb maiked with 100 divisions mimbcicd by tens from the distal end 

In use, a luhher suction tiihe with mouthpiece is fiist fitted to the end of 
tube B IVith the pipette held hoiirontallj or with the B end slanted down 
Maid blood is diawn into tube A bj gentle suction until it will flow bv capillarj 
to fill the tube A completclv Aftci excess blood is vnped from the tip, diluting 
fluid IS diavvii into the bulb bv suction until the bulb is nearly filled An air 
bubble left in the bulb aids the mixing of the blood m ith the diluting fluid The 
suction tube is then lemoved, the stem B is scaled with a spring clip (the same 
as that used vnth the original Van Allen tube) which holds a rubber cushion 
against the blunt end, and the tube is centiifiiged vnth the sealed end down 
ward The colls are thus packed into the graduated stem B, and there measured 
diicctlv 111 percentage of the volume of the sample by reading of the graduations 
Since a lathei thin edge of the bulb is fused to the outside of the shoulder 
of tube A, this modified tube is necessaiily more fragile than the original form, 
and tliere is gi eater danger of breakage at high centrifuge speeds In order 
to avoid torsion stress, the tube should be placed in a centrifuge cup which holds 
it 111 an cxactlj pi i pcndieular position The International Centrifuge, tjqie 
SB, No 1 or 2, maj be used with the 15 ml centi if iige tube carriers The rubber 
cushions usiiallv placed at the bottom of the metal cups aie not needed These 
(lips can he filled with vvatei above the shouldei of the bulb to give additional 
support in couiiteilnhiiciiig the centi ifiigal force against the bulb 

SUMM VRV 

The Van Allen hematociit tube has been modified to provide quicker and 
mole piecist measiiiement of the blood sample, by utilizing the principle of 
automatic volume adjustment of the sample in a capillary tube similar to that 
used m Tiennei hemaevtometei pipettes 

This pipette and spring: clip sealing device Is obtainable from the Arthur H Thomas Co 
Philadelphia 
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AN IMPROVED MANTEL FOR BACTERIA-PROOF FILTER CANDLES'^ 


R. R. IIenlky, M.S., Washington, D. C. 


T he glass mantels commonly used with bactcria-proof filter candles have 
several inherent disadvantages: they are breakable, tlie liquid undergoing 
filtration is exposed continuously to air-horne contaminants, and repeated re- 
fillings requiring frequent attention are necessary when large volumes arc 
filtered. A metal mantel free from these disadvantages, and particularly service- 
able for the filtration of large volumes of products is shown in Figs. 1 and 2. 

The mantel of which the dimensions ai‘e given in Fig. 1 will accommodate 
a 5 inch filter candle and a 4 liter filter fiask. The metal used has been 
duralumin, which is obtainable in bai’s and tubing of the requisite sizes. The 
hole through the base of the mantel is threaded to fit the nipple of the candle. 
If a suitable tap is not available, one of the metal nuts always supplied with 
candles may be sweated into a hole countersunk in the “boss” of the base. The 
glass tube and rubber stopper shown may be replaced by a metal cap threaded 
to fit the top of the cjdinder and provided with a suitable nipple and washer. 
The top of the flask upon which the mantel rests must be ground flat if necessary. 

Three different types of rubber washers are used. Tlie washer between the 
candle and the boss is cut from inch sheet rubber pacldng provided with 
cloth insertion. It is used once and then discarded. The washer between tlie 
cylinder and the “boss” is a standard 2 inch hose washer. The large washer 
between the “boss” and tlie flask is cut from inch grade A rubber sheeting. 
The latter two washers are used as long as they remain serviceable. 

The set-up of the apparatus is shouTi in Fig. 2. Prior to sterilization, the 
mantel, candle, and suction flask are assembled, and the space between the inner 
wall of the base of the mantel and the outer wall of the flask is packed Avith 
cotton. The assembled apparatus with supply tube attached or not, as preferred, 
is then sterilized. 

In operation one end of the supply tube Avith the clamp closed is attached 
to the inlet tube of the mantel, and the other end is immersed in the liquid to 
be filtered, AAdiich should be contained in a reservoir plugged Avith cotton. The 
sj’'stem is thus protected from air-borne contaminants. The suction flask is con- 
nected to the vacuum line, and suction is applied Avith simultaneous dowuAvard 
pressure upon the mantel. "When the collapse of the supplj"^ tube indicates ex- 
haustion, the clamp is opened, the mantel fills, and the filtration proceeds 
automatically. AVith suitable precautions for the preA^ention of contamination, 

•From the Bioehemic Division, Bureau of Animal Tndustrj', U. S. Department of Agricul- 
ture, AA'ashington, D. C. 
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the mantel may be transferred from one flask to another. Since the only atten- 
tion required is the turning on and off of the suction, a number of filters may 
be connected to a single reservoir and operated simultaneously. 

The apparatus has been used chiefly for the fillration of intradermic 
tuberculin which contains 0.5 per cent phenol. During tlic past several years 
more than five million cubic centimeters have been filtered and the filtrates 
examined by cultural and microscopic methods. No contamination lias been 
traced to a fault or defect in the mantel. 


A NEW STOMACH TUBE FOR ORAL ADMINISTRATION 
IN RATS AND MICE* 


A. E. Pugh, ]\I.S., and A. W. Tandy, Jr., B.S., Kansas City, Mo. 


I N A SERIES of experiments on mercury intoxication, it became necessary to 
give rats and mice oral administrations of small, accurately measured doses 
of liquids. The customary method, using a small rubber catheter, was found 
to be neither accurate nor rapid enough for this work. 

An instrument satisfactory for this study was made by modifying an 
18 gauge hypodermic needle of length sufficient to pass into tlie stomach of the 
animal being used. The beveled point of the needle was removed on an emery 
wheel and the last 2 cm. of the end of the needle was covered with a layer of 
solder several millimeters thick. This end was then shaped on a lathe until a 
smooth blunt tip, about 2 mm. in diameter, with a gradual taper to the shank of 
the needle remained. For adult rats, a needle 4 inches in length allows insertion 
into the stomach. For mice a 20 gauge needle, 2 indies long with a ball tip of 
about 1 mm. thickness, should be used. The needle is attached to a syringe of 
capacity sufficient to hold the dose being administered. 

TECHNIQUE 

At first it is best to liave two operators, although after a little practice one 
person can perform the operation. One operator holds the head and extends the 
tongue of tlie animal while the second inserts the needle into the stomach, 
manages the syringe, and holds the animal’s tail. 

The first operator takes a full grasp of the skin on tlie back of the animal, 
extending from immediately behind the ears as far down the back as a grip 
between the thumb and the full medial side of the index finger of the left hand 
allows. The middle or third finger of the left hand pins the left front leg against 
the animal ’s body. The thumb does not go around the throat but the full weight 
of the animal is maintained by the scruff of the neck. AVith the right hand, the 
tongue is grasped firmly with blunt dressing forceps and drama out to the lefl 
side of the animal. This opens the mouth and allows the insertion of the needle 
deep into the pharjuix. The tongue is released after the needle has passed over 

*Frora the Research Laboratories of the George A. Breon & Co., Inc. 

Received for publication, February 19, 1938. 



PUOU-TANDY : NEW STOMACH TUBE FOB OKAE ADMINISTBATION 


81 


the papilla at its base and the right hand may then be used to grasp the left 
cheek of the animal to draw the head and neck in line Mith the body if the 
animal insists on arching its neck. 

The second operator holds the* body of the animal straight by maintaining a 
steady pull on the animal’s tail with the left hand. With the right hand he 
inserts the needle and oi)eratcs the syringe. The index finger of the right hand 
should be used to bind the plunger of the syringe against the syringe wall to 
prevent leakage of the solution through the needle while inserting. The needle 
should be passed into the mouth in line with the animal’s body and just to the 
left of the incisors with the blunt end against the palate. By a gentle lever 
action on the syringe forcing the head back as the end of the needle approaches 
the larynx, the needle i)asses easily over the glottis into the esophagus and enters 
the stomach without difficulty. 



FJg 1. Fig. 2. Fig. 3. 


Fig. 1. — stomach tube h>podermIc needle %%Uh enlarged blunt tip 

Fig 2 — Introducing tube Into mouth of rat. Note extension of tongue 

Fig 3 — Passing tube Into stomach Note straightening of neck b> pull on cheek 

When the injection is made by one person, the left hand holds the animal 
by the sernflt of the neck and the right hand inserts the needle by feeling the 
way over the tongue and using a gentle leverage with the syringe to force back 
the animal’s head. 

Two injections per minute can be accomplished easily Mith doses under 
5 c.c. With larger doses time must be allowed lor the stomach to relax, other- 
wise the esophagus will be filled and part of the injection lost through the 
mouth and nose. Since the perfection of this apparatus over 7,000 injections 
(as high as 300 injections on one rat) have been made in this laboratory without 
the loss of a single animal from trauma or droivning. 

The photographs illustrate the stomach tube and the various steps in its 
application on the rat. 




THE GEIGER-MULLER COUNTERS' 


A Recent Instrujient in IMedicine and Medical Research 


M. L. Weinstein, M.D., and Leopold Rovner, M.S., Chicago, III. 


A nontechnical description of a physical apparatus that lias been finding applications 
in the field of medicine, especiallj' in radiologj’, in radiobiology, and in physiology. It is 
the pui^pose of this article to describe the properties of the apparatus suflficientlj’ well so that 
its function and some of its possibilities and limitations may be a matter of general record. A 
brief bibliography is included with references to significant historical and technical articles 
in the literature. 

I. PROPERTIES AND USES OF THE GEIGER-MULLER COUNTER 

W ITHIN tlie pa.st few .years an instrument tliat liad been priinaril.y designed 
for physical studies of the atom (and more recently, for research in cosmic 
rays) has emerged from the physics laboratory to become a useful part of the 
general armamentarium of medicine. The instrument, laiomi as the Geiger- 
Miiller counter, is a jiliysical apiiaratus for obserying ionizing radiations of yeiy 
low intensity. 

The counter has an extreme sensitivity for this purpose since it is able to 
record the entry of a single electron, or the absorption of a single photon (light 
corpuscle) within the limits of the sensitive chamber of the apparatus. 

It is interesting to observe this unique property of the apparatus in com- 
parison with even the most sensitive radiation detectors of more familiar usage 
(in various regions of the spectrum) : thermopiles, photocells, air-ionization 
instruments, each of these being an apparatus which generally requires the inci- 
dence of many thousands of photons per unit area per second to produce an 
appreciable effect for observational purposes. 

The counter is finding certain practical applications in medicine not only 
as a consequence of this property of extreme sensitivity, but also because of the 
fact that observations made with the instrument on ion-producing radiations 
of low intensity (and thus, for example, on verj* minute quantities of radio- 
active material) can be quite accurately made, and are consequently capable of 
quantitative interpretation. 

In radiology the instrument has been used for detecting harmful stray 
radiations from x-ray and radium equipment. It is now the most practical 
device for finding lost radium,® and has already figured in many successful 
searches.! (Newspaper accounts of these interesting radium hunts refer to 
the apparatus as the “electric detective” or the “radium hen”.) 

•From the Prothero Radium Memorial, Chicago Memorial Hospital. 
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tDr. R. B. Taft, of Ch.arleston, S. C., has prepared an interesting historj- of these stories 
of lost and found radium in book form: Radium Lost and Found, Charleston, S. C., 1938, J. J- 
Furlong & Son. 
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It IS, ho\\o\i.i, m aiul iii pliAsiolo^n that ll>c uistunnciil ma\ 

make uaitul)uli(>n‘> tlnit mo C'^pdinlh M^iiituiint to iiuiliLiuo Dmmjr the pist 
fne AOiUs Aaiious means Ijuc h(ui tlistoNcud foi puaUuinjya timpoiaiA lailio 
actiMtA in the atoms of m nn of the ehcmKnl okmLnts (A\ilhout eh inging then 
oidmaiA themical hehnioi) These ladioutuatcd elements and the Gcigei 
eountii lui\e to_(th(i opnud u ntw UAtmu foi tiaiing toodstnfls in the meta 
bolic pioccss ,' 01 foi ohsi n ni<; tlio ti instil of ihemie il siihstames dining a ai ions 
physiologic aeliMtus 

The mstuiment has minth pio\td of gu it Aahic in the quantitatue 
pliAsical detection ol slight li uis of i idmm in liMiig Melims of ladiiim poison 
ing‘ Although the total <jiianlit\ of ladintn distrdmtcd thioughout the hodi 
of an adult indiAidiid ma\ he as little as two oi thici thons'indths of a milli 
giam, tins amoiinl cm he ditei mined with iiuiiai\ and with coiisidciablc 
speed bA moans of the Gcigei eountci 

II nil 1\S1UI All'N'l I\ K\m010(.\ lAVAIlMs 01 11^ I "f 

An impoitnnt inoblem to be met in \ i i\ iiul i idnim tliei ipA institutions 
IS that of piotccting the pci^onml liom haimful stia\ ladiations ScaciU in 
tional ladiotliciapA and ladiologu jdiAsus tenleis line inoMsion ilK accepted 
ns “safe” those Aioiking conditions m aaIikU the nitcnsilA of the stun peno 
tiating indintiou is about 0 2 loentgens m eight horn's oi 4 2 \ 10 ‘ (0 00042) 
loontgcns pci minute® (Toi compnison a total ot GOO locntgcns of filtoicd 
200 1\A \i\As IS neocssan (q piodiue a pciceptiblc cntlicma on the hunnn 
shm ) 

AVc ln\c built some Gcigei ■Miillci instiumcnls (Tigs 1 and 2) tint Ihag, 
among otliei things, soned ns m quiUtntne obseuations of stiaA ladntion and 
ladiation ‘leaks ’ Tlio oountoi tubes of oin ippantiis InAC elements of such 
a S170 tint, nndci test, cneli of the instiuments was found to double its ‘ intnial 
count of 10 impulses iici mnmtc A\ith a sli n ladiation intcnsite of about 
1 7 X 10 (oi 0 00000017) locntgciis pei minute 

Thi" grt vt ippirent smcituin n lc^I one m terms of locntgcns For tliritj, hoivo\cr, 
it «5liouUl li'* «oto»l tlut tlic ' rocnt^tii ^ \«! n unit quintit\ of \ ru'' or of gimnn r'\^‘s cor 
responds to nu enormous minilir of pliotoii': tin imliMtluil unit pm tides of r'lilntion 
V directed beim of g*imnn lining *m jntcii'5it\ of one roentgen per minute it i gi\on 
point, 'tends ibont 2 x 30^ or -,000,000,000 gimini ni photons pir minute peipendiculirh 
through 1 one squiri ccntinutcr irci it tint point 

The irbitnrih sife intensitA of J 2 x 10 < roentgens pei minute noull idenlb ciuse our 
oun nppiTUtus to respond nith J 5 000 impul et» icr mim te Sucli in intcnsit\ vould be 
phvsicilh too grcit for our onn ritlicr simple ippiratus to record quintitativelv, pin 
doxicnllj, we arc iblo to imhc qiuntititi\o incisurements onh on radiations hiving y{ Qth to 
1/5 ooo^ti of the m ignitudc of tins small intensit\ ( Vs shill bo b^lefl^ ei.pliincd liter, Geiger 
Muller counter instruments ire usuilh buil to suit certwn 1 lugos of radiation intensity, tho 
tube clement used being gentnlU made snnllcr for giciter intensities There ire circuits 
that permit counting up to 200,000 iniiulses per minute ) 

It should bo noted b^ those using similir tapes of Geiger Mulkr apparatus to obseric 
tho presence of stria ladiitions, tint 1 lirge number of impulses maa be registered under 
sifo radiation conlitions The high sensitiaita of such ippviatuses maa make it seem that 

•This flsure in be inalcrlalU reduced because of ri.ct.nt considerations of the cgects ot 
c\en such low intensities of radiation In prolucinff mutations in the geiin plasm 
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au alaiminp amount of jatllation is prc'^ent in u room, Nvljcri‘a‘< (at an obser>cil rate increase 
of oO to 50 counts per minute) tlicre may be only ii fenv tliou'sand photons passing through 
the counter tube each minut(‘— a flux representing a truly safe aino\int of radiation in the 
room, ns may en«ily bo reengnire*! b\ expressing tliis flow of photons in terms of fractional 
roentgens. 

Lost radium is quirlcly tram! «illi (!ei{;cr-lliillei’ iiistnimenls, since liic 
Samma radiation given off liy the radium can l)c detected at an appreciable 
distance. Using tbo relatively small si/e clement Unit is found convenient for 
onr onn apparatus, ve got twice llie iialnr.d oonnt of about 10 impulses per 


FJg. 3 — Batterj* operatccl Instrument In use. 



minute (due to intrinsic radioactivity of the surroundings and to cosmic rays), 
that is, twenty impulses per minute, with one milligram of radium at thirty 
feet free air-line distance. 

Fig. 3 shows liow the instrument is carried in a radium search (or in a 
stray radiation survey). AVc use the Gcigcr-JIilller tube mounted within the 
case for mechanical and electiical protection. As viewed in Fig. 3, the tube* 
is mounted in the lower right hand corner of the ease with its axis parallel 
to the lover leading edge. 


■The tube, itself, and Its pioperties are described In a following section. 
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m. G-M COUNTERS IN TOXICOLOGY : RADIUM POISONING, STUDIES OP LEAD POISONING 

In biological investigations the counter apparatus is most generallj'- used 
as a delicate assay instrument. With it one may measure quantities of certain 
radioactive substances that are present in amounts ordinarily determined only 
by mieroehemical methods, Tliere are, indeed, instances where a microchemical 
method cannot be used, or is less sensitive than the measurement with the 
counter instrument. 

One such example occurs in tlic diagnosis of radium poisoning. The quan- 
tity of radium element producing lethal effects in the human being is of the 
order of magnitude of one microgram. This small amount of radium may be 
distributed at random throughout tlie whole skeleton of a living individual. 
Under these difficult conditions it is nevertheless possible to detect chronic 
radium poisoning at any time by a physical procedure, wliereas an interval of 
five to ten years can elapse before there may be an appeai'ance of clinical 
symptoms. Tlie detection, a quantitative one, is made by a relatively simple 
counter examination of tlie patient, througli observation of the very weak 
gamma radiations emitted from his body. 

Electroscopes, previously u.sed for .sueh work, are less sensitive than the' 
counter, sometimes failing to detect, even qualitatively, the presence of an ulti- 
mately lethal amount of radium. 

R. D. Evans-’ ® and his colleagues have been ehiefi.y responsible for develop- 
ing a complete method : suitable counter and otlier important observation instru- 
ments, and an adequate technique, for the recent excellent quantitative physical 
studies made on radium poisoning. Evans® lias devised a general method of 
determining the amount of a gamma ray emitting sulistance in a closed and 
inaccessible container. His mctJiod takes account of a random distribution of 
the radium in various bones and tissues, and of tlic internal absorption and 
scattering undergone bj- the gamma rays, so tiiat a correct evaluation of gamma 
ra.v emitting substance within the body (radium C) may be made after a scries 
of observations on tlie individual living person. 

The complete physical study of radium poisoning of the individual involves 
other apparatus: gas collectors, sensitive ionization-electrometer instruments 
to record the amount of gamma radioactive principle (radium C) escaping in 
the exhaled breath as I’adon (a gaseous disintegration product of radium), and 
to observe the amount of radium being eliminated in the feces and urine. 

(The total radium in the body is a quantity represented by the sum of 
the amount of radium C observed in tlie breath and of tlie radium C in the 
bodj' itself. Radium, alone, is not appreciably gamma radioactive, it is the 
relatively short-life disintegration product radium C wliich emits most of the 
useful gamma rays.) 

Using measurements made on several individuals, the data of which show 
a representative distribution of the radium in the skeleton, Evans has directly 
calibrated his counters for rapid measurement of other persons, and can make 
a fairly accurate survey of a single patient in from fifteen minutes to one hour 
with just the eounter instrument. 
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Some of tlic lesulls of tins stuth pro\e (luitc intcustinj; obsen.itions 
sliow tliat 45 pel otnl of the ladon pioduccd b\ the ladiiim in tlic bod\ is ex- 
haled ^\Ith tlic bicatli, that tases of thionic ladiiim poisonin'? iioinialh chin 

mate 0 005 pei cent of total bod\ ladium pci da^ (as shown h\ tailiei iiucsti 

gations), and that this small oiitgoin*? (|Uanti(\ disliibutcs itself with (onsid- 
erable eonstane\ m a peiecntagc latio of 91 pel leiit in the feces to 0 pci cent 
in the mine The woik suggests the use of small tiacis of the ladionctnc load 
isotope, ladiiim 1), as an indicatoi in a U id mixtuio ioi le.ul poisoning studies 
It IS inteiesting to note that in 192t lle\ts\® li id aliLad\ used a ladioictuc 
lead isotojic (thoinim B) to tiaec the ahsoiption and tianslocation of lead m 
])lants as a ineasme of lead inetaholism, .ind .ilso as a measme of the to\lel^^ 
o( lead no\is\ ignited \anous poitions of the iilaiit and deteimined the 
active had enntont of the ash (otuenliato with .in ehctioscope B\ adding 

ladioutiM isotojic (to the inactive le.id) in amounts th.it wm iiuicasid in 

diuct piopoition to the extent of total dilution of had rn the mitiiint medium, 
he was lasilv abh to make mcasmements on \eiv weak dilutions of had, and 
thciiifld to obseiwe the disiiositioii of a lew hundicdlhs oi few thnusiiidths 
of one pci cent of the amount of load initialh made available to tlic plant 
Reeves and ^fcigan t lollowing a pieliminaiv lepoit Iv Taft,f have used 
thceoiintci instuimcnt to measuic the ictcntum of thoiinm dioxide (Thoioti.ist) 
within the humnn subicct, aftci iniettion of the matenal foi x lav diignostie 
puiposes (The weak gamma lav (mission ol this matenal selves as an nidi 
(atoi of its pieseiKC, while the amount of ladiation measiiud gives an a|)pioxi 
mation to the actual content of thoiiiim dioxide within tlic siibit t ) Reeves 
and IMoigan m iko no statement on the toxieitv of the sulistanco, but coiielusiveh' 
demonstiate its lotentiou in laigc amounts even foiii vtais aftoi the initial 
inicction 

IV USl Ol Tin (t M Vl’PVKVTlSIN PII\SlOIO(.\ 

Fiom tlie statements of the foregoing section, it becomes ajipaiciit that the 
eountci instiument toims one pait of a dual team — ol ladioaclivo substance and 
sensitive dctcctoi — loi investigating the fate of “lagged atoms'’ in jiliv siologic 
piocesscs The Bnglisli plijsiologisl, A V ITilI, has stated tint aitificiallv 
ladioactivc substances mav have a meaning to iiiesent daj biologj much like 
thit which the micioscope had foi an cailiei cia Then the microscope levealed 
the cell, todav, some aspects of tlic phvsiologic fate of the atoms themselves 
mav be visualized with the new obscivational technique 

Theie aie manv examples available of the usc'^ to which activated substances 
and conntci insliuments have alieadv been put in phvsiologic investigations 
The geiicial piocediuc has been to ‘ tag” the atom of a paiticulai element 
within a compound, foi example P, oidinai’j phosphouis (which is i P‘^§) ni 
Na'}P 04 IS identified bv intei mixing with that compound an identical combination 
of a ladioactive isotope ot the element (Example i P^' in the Na 3 (i P ’-)04 
molecule ) 

•Hevesj G Biochem J 17 439 1923 

tReeves R J and Morgan J C Tlie Retention of Tlioimm Dioxide b> the Reticulo 
Endothelial Sjstem RadJologj 29 612 1937 

JTaft R B The Radio Activity of Thorium Dioxide Solution JAMA 108 17"9 

1937 

§15 is the atomic number and 31 Is the atomic weight 
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Sint'i" the general chemical behavior of elements and their isotopes is iden- 
tical iu character, the labelled atom goes through the same molecular inter- 
changes as its inactive brothers, and thus serves to reveal where they have gone, 
fit ^hould be noted that this argument is true insofar as the radioactivity is so 
weak tiuit no radiation changes are produced, for example in a colloidal system 
within nhich the radioactive substance may be.) 

Simply considei'ed, the basic process of making quantity observations with 
the counter is briefly this: the substance administered is measured under fixed 
conditions and rated at a given radioactivity factor, say, 1000. If, thereafter, 
some portion of the initially administered substance — suppose it be that con- 
tained within a complete thyroid gland — is found to have a radioactivity of 10, 
then one may say that 1 per cent of the material initially given found its way 
into the thyroid tissue. 

Chiewitz and Hevesy’^ have made some studies on phosphorus metabolism 
in the rat, using radiophosphorus, wilh the counter apparatus as the assay in- 
strument. The rats were fed a few milligrams of sodium phosphate containing 
and their separate organs and skeletal systems were later examined for 
radiophosphorus. These examinations showed that incoming phosphorus existed 
in certain characteristic ratios in the skeleton, in the spleen, kidneys, and brain. 
Blore particularly, in following the rate of elimination of the authors 

deduced that the average time which a pliosphorus atom spends in the organ- 
ism of a normally fed rat is about two months. They felt that their results 
lent more support to the view that the maintenance of bone structure is a dy- 
namic process, the bone continually taking up phosphorus atoms, ail or some 
of which are lost to be replaced again by incoming phosphorus. In examining 
different parts of the skeleton, Chiewitz and Hevesy found a conspicuous active 
phosphorus content in the teeth of the rat. The front teetli, which grow rapidly, 
contained a larger part of the incoming phosphorus, per gram, in a ratio of 
10 to 1 (as compared with the whole skeleton) for an adult, and 6 to 1 for a 
young, growing animal. The molar teeth were found to take up less than the 
average amount of phosphorus per gram of basic weight, having a ratio as low 
as 1 to 2 compared with the skeleton. 

In .several investigations in plant physiology Hevesy and his associates* 
have performed some interesting and suggestive experiments that may readily 
find counterparts, as experiments, in animal physiology; for example, germinat- 
ing maize and pea seeds were found- to lake up the labelled phosphorus in the 
germ but not in the endosperm, shoiving that there is no phosphorus exchange 
between the two. 

Hamilton" has done some work which is useful in suggesting a method for 
studying the rale at which various elements pass from the digestive tract into 
the blood stream. 

The PL-sent form of the experiment is quite interesting, though it is not 
truly quant -utive in tenns of the physiologic process involved: a subject re- 
ceives, by m-'Utii. a water solution of sodium chloride containing radiosodium 
(a short-life '-ntope of sodium which disintegrates with the ultimate emission 

‘Hevesy, G., lJnaerstrom-Lan& K., and Olsen, C, : Nature 137: 66, 1936; 180: 149, 1337. 

Hevesy, G.. l-aideratrom-Lang, K.. and Nielsen, N. : Nature 140: 725, 1937. 
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of pamnia ladialioii) The subject holds in ins hand a Geigci SluUcr tube that 
IS bcaMlj shielded fiom the rest of his bod\ b\ thick Injcrs of lead As the 
actiic radiosoduim diffuses into the blood stieam and passes thiough the tessels 
of the linnd, the countci icsponds iiith an increasing bariagc of impulses A 
cunc can be plotted shoiiing a chai.ictcristic sanation of the obsened impulse 
rate inth time, ns incicasmg ainounts of ladiosodinm leach the band holding 
the counter tube The exact sliape of the cmic is modified In scieral plnsiologic 
factors — iihieh mai be subject to inspection tlicmsclics, because of the modifica 
tions thei produce 

X IIIbTOHX O! TUI COUNTlIt, (.1X11(11 I'lilXriPl I,S Ol ITS ICTION 

While the comilci has liocomc mailable in a stable and rugged form onh 
within the past two or tliiet xeais, the csseiitml opciatmg principle of the inslru 
ment is not new 

In 1908 Rntlicifoul and Geigci weic in, iking studies of the emission of 
alpha p.articics (positneli chnigcd helium nuclei) from the radium atom, and 
decided to use some deiiie llml would make a single one of these chaigcd atomic 
paiticles dctccliible with the lalioiatoii clcctiometer Thex imontod the nmel 
principle of liming the single chsigcd paiticle initiate a sudden flow or dis 
cliaigo of a rclatneU Inigc quantilj of clcctiieitx helwoon two electrodes in a 
inicficd gas chnmhci Tins principle was based upon the known process of 
automatic mcicasc of gaseous loniration In ionic molccuhi “collision ” 

Alptia particles from a railioaetnc source were allowcil to pass through a very thin 
nluminum foil “wanitow'’ into n brass tube (sec scliemntic itrawing in Tig 5A) containing 
gas at about one eighteenth of normal atmo«pticric pressure (The brass eshnder itself [tho 
catholic] and an inner central wire [the anode] rcricd at the tuo electrodes each being m 
sulated from tbc other by ebonite plugs at the ends of the cslindcr The ToUage between 
cjlindcr nnd wire was adjusted to a critical saluc just below that which would erdinanlj 
produce a flashover, approxiruatclj 1300 volts in this case ) 

As a single alpha particle sped past the window anl then tlirougli the gas in the 
chamber, it left in its wake a large number of free ions split off from the neutral gas 
molecules These nearlj stationary ions in the wake of the fast particle were immediately 
swept up b) the field an I sent careering toward the electrodes, crasliing into neutral molecules 
on their wa\ and forming new ions ba the “amc process with wliicb they themselves had 
initially been released by the speeding alpha particle The ionization was thus automatically 
and continuously inereascd until there were enough ions aaailable to carry a surge of elec 
trieita through the circuit to the electrometer, which deflected electrostatically to announce 
the initial eient the entry of one charged atomic particle (The whole process of the 
growth of the discharge in this way easily took place in less than one ten thousandth of a 
second ) 

In 1928 Gcigei and Muller made an impoitant addition to the piinciple of 
action of the appaiatus by utilizing the metal xt all of tlie cliambei , now enclosed 
m a glass enxclope, (sec Pig 5B) as the ehiot sotiice of ionizing particles foi the 
Intel electi ode gas volume In this particulai case tlic disciiaige was initiated 
by single electrons, ertbei those originating uniquely ftom among the atoms of 
the cylinder mateiial* ot those that weie released in and about the waits of tho 
gas chamber by the absorption of photon ladiation 

*As In the purposeful use of a c) Under made of purn potassium for the studj of the \ery 
weak radioactivity of that metal 
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The pioperty of the tube of being sensitive to a single event of the absorp- 
tion of electromagnetic (photon) radiation (an event followed by the release 
of a snmle free electron) made such instruments available for observing and 
moasunng very iveak electromagnetic radiations. 

M. L0UNTI;R tubes and counter CIKCU1T.S 

I'ountei tulles are made of special forms for observing the various separate 
kinds of particle and electromagnetic radiations. 

Electrically charged particle radiations/ Avlien of low energy (low A’clocity 
and small penetrating power), can enter a counter tube only through a “win- 
dow” sufficiently thin so that the particle will encounter relatively few atoms 
on its way into the chamber. Pig. 4A presents a schematic drawing of a tube 



Pig. I. — Types of counter tubes. 


used in the observation of rather low speed electrically charged particles. The 
thin bubble of glass at the right provides a pressure barrier against atmospheric 
air and permits the moving electrical particle (coming as from a source on the 
right in the figure) to enter the low pressure gas chamber, there to initiate the 
ionization discharge mechanism. 


*AJpha particles (or alpha ra>s) indKidual helium atoms stripped of their two outer 
electrons, ha\ing .a charge equal to + 2 electron units, and a mass equi'alent to 4 units of 
atomic weight (Ordmarj hjdiogen Las an atomic W’eight of approximately 1, a unit that Is 
the same as l.G'i > ID '' or 0 00000000000000000000000165 giara ) 

Beta parttclcs (or beta raxs) : indixidual negative electrons of chaige equal to - 1 electron 
unit (For comparBon 6.3 y 10” oi 6,300.000,000,000.000,000 elections passing a given point 
each second constitute a cunent of one ampeie.) 

The mass of the beta pal tide is l/lS40th of that of one unit of atomic weight. 

Positrons- positne electrons, charge equal + 1 electron unit; mass equal to l/lS40th of 
that of one unit of atomic weight. 

Protons (sometimes called “H particles," i e.. charged hydrogen particles) . the nucleus 
of the usual hydrogen atom, charge equal to 1 electron unit, mass equal to 1 atomic unit 
Dcutcroiis: the nucleus of the double weight isotope of hydrogen, charge equal to + 1 
electron unit, mass equal to 2 atomic units. 
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Plioton 01 clectiom.iKiietic i.idintions (nil of winch tiavel with the speed 
of light, whiitc'.ei then ciicig\ content) m.u eutoi a couutei tuhe tlnough the 
piopci ti.nispaicut iipeiUnc Tig 411 is a icpiLsiiitiitiou of the soil of tube 
used for \ci.\ weiiK \isihlc and «Itia\iolct light It is essciitialh a gas filled 
|ihotoelcctiiL coll and (Icigci-ltullci lube combiiiul in one A single photon 
Iliac ciitci thioiigh the tiaiispaunl plate, and, upon being absoibed bi one 
atom of the lathodc sin face, causes (he emission fioni Iheic of a single photo 



Fiff 5 — Tjpt*! of counter chcuit'i 


electron — a chaiged pailicle that is theicupon put to uoilc initialing the tugger 
meclianism that announces ttic unique e\ent « 

Since photons of the familiai \ la^ and gamma la^ icgions of tlie spcctium 
aie quite penetrating, no special wjndo\\ oi otliei apeiluic is neccssai} to admit 
tile jadiation to 'witliin the confines of the sensitnc cliamba of the tube Fig 
&}ious tlic tApe of countei tifiie used foi pcnctiatnig ladiations The tube 
element is made of some metal, such as copjici oi sihei, A\hich has a satisfactoi^ 
absoiption coefficient and adequate A>aU thickness fot the ladiation in question 
The tube inteicepts ladiation diiected pcipcndiculaih toiiaid its axis 
in pioportion to the longitudinal cioss section ain i of tlic nirlal c} bndei element 
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For intensities of gamma radiation, such as those from 1 to 10 mg. of radium 
at 20 to 30 feet, one might use elements of 2 to 3 era. length and about 1 to 2 
cm. diameter. For cosmic ray particles (wliich reach sea level at the rate of 
about one particle per 10 cm. square of horizontal area per second) one may 
have counter tube elements of as much as 50 cm. length (or greater), and 2 to 
10 cm. diameter. 

Three counter circuits are known in Figs. 5A, B, and C. These circuits, 
especially the last two, arc of the type essential for the operation of the counter 
tube itself, and will be briefly explained. For the complete measuring instru- 
ment it is necessary to have the proper high voltage supply and proper impulse 
amplification and impulse recording circuits; these are mentioned in the last 
section. 

Fig. 5 A shows the initial circuit used by Rutherford and Geiger; it is now 
of historical interest, but the parallel between it and the succeeding types is 
quite distinct. 

The circuit of Fig. 5B delivers pulses to the amplifier in the following 
manner ; the flight of one ionizing particle through the sensitive volume of the 
counter tube (or the liberation of a single electron within its confines) imme- 
diately initiates the process of collision ionization. Within a time interval of 
the order of one hundred thousandth of a second the full discharge is formed, 
and a current flows around the circuit of voltage source, coiuiter, and resistor 
(i?). Passage of the minute current through the high ohmage resistor creates 
a gradient of voltage there (the IR drop) whieli polarizes the small condenser 
(C) and which then very shortly reaches a value sufficient to cut the potential 
across the counter tube domi below that at which a discharge can be maintained. 
Tlie discharge in the counter tube is thus “extinguished" by the current flow 
through the resistor. Thereafter the potential difference between the electrodes 
of the coimter tube is restored while the charge flows oft’ the small condenser 
toward the ground. During this interval of about one ten-thousandth to one- 
tenth of a second (depending upon the amount of capacity and resistance in the 
circuit) a “wave" of electrical polarization has passed over the plates of the 
small condenser and is impressed upon the amplifier circuit, which ultimately 
actuates a loud speaker in a sharp "click," flashes a neon tube, or drives an 
electrical or mechanical recording mechanism. 

The circuit of Fig. 5C uses a vacuum tube to extinguish the discharge.® 
After the initial ionizing event, the current starting through the counter tube 
and I?o polarizes the control grid, G,® wliich releases a relativelj' large surge 
of electricity thrcaigh tlie vacuum tube and resistor 7?j>; the current through the 
vacuum tube jirocluces a large IR drop in Bp, aud thus (in lowering the avail- 
able voltage) effects rapid extinction of the discharge in the counter tube. 
Thereafter the charge on the coupling condenser (C) is permitted to flow to 
ground in a short time interval through the relatively small extinguishing re- 
sistor, Bp. The circuit is consequently restored to its initial sensitive state in a 
very brief interval of time, 

•G must be maintainea at a critical ne.!;aUve value by means ot the small batterj- Eb fc 
proper operation ot the circuit. 
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The amplifier circuit should be able to receive each of the separate signals 
from llie counter lube to the limit of the counting rate of the Geiger-Miiller 
circuit itself. The amplifier should be so well shielded that it is insensitive to 
iiiuli froquency oscillations in its neighborhood. 

IMechanical devices for recording the number of incoming pulses can be 
used at counting rates of the order 100 to 200 per minute. Near to and beyond 
this rate the inertia of most mechanical devices is sufficient to cause some loss 
of the count, or even to cattse complete lack of response to pulses coming in at 
a %-ery great rate. Electrical circuits have much less inertia than mechanical 
dcMces and caiL be used where it is necessary to count at very great speed. 
Gingrich, Evans, and Edgerton® described an arrangement which uses a meter 
deflection to give the average rate of arrival of the random counter pulses up to** 
rates of several thousand per minxite. Nehcr and Harper,'’ using a circuit due to 
Ilunt,^' and their own high speed Geiger-liluller circuit, are able to observe at 
rates up to 200,000 random pulses per minute. Tims it can be seen that Geiger- 
i\Uiller circuits may be built with tubes and with I'ecording systems adapted to 
widely difPerent conditions of i-adiation intensity. 

Within the counter tulie itself and its immediate circuit, exist factors of 
central importance to the interpretation of tlie radiation measurement. Since 
every single photon and ionizing particle which traverses the sensitive volume 
does not initiate the discharge process, one speaks of the “efficiency” of the 
tube; the arbitrary ratio of the number of particles that arc intercepted geo- 
metrically to the number that arc physically effective in discharging the tube. 

The efficiency of response of the counter instrument varies with the wave 
length of the different photons. For this reason the instrument is used essen- 
tially to compare the activity of two sources emitting radiations of very nearly 
the same spectral distribution, and not to make a direct, absolute measurement. 
jSIeasurements of heterogenous stray radiations are thus “qualitative” unless 
they can be compared with a standard source having the same spectrum, or 
unless the sjiectral distribution is known and its effect on the counter can be 
deduced. 

The numerical data given by the instrument — as in the regular comparison 
measurement — are significant and most neai’ly accurate when they have been 
corrected for two factors: (a) the finite operation time of the Geiger-Miiller 
circuit (which involves a “counting loss” while the Geiger-Miiller circuit is 
insensitive during the active discharge process), and (b) the statistical fluctua- 
tions due to the purely random incidence of the incoming particles. Loeher and 
Weatherwax® show how such eoi'reetions may be made in a simple manner. 
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The amplifier circuit should be able to receive each of the separate signals 
from the counter tube to the limit of the counting rate of the Geiger-^Iiiller 
circuit itself. The amplifier should be so well shielded that it is insensitive to 
iusiii frcriuency oscillations in its neighborhood. 

iilechanieal devices for recording the number of incoming pulses can be 
used at counting rates of the order 100 to 200 per minute. Near to and beyond 
this rate tlie inci’tia of most mechanical devices is sufficient to cause some loss 
of the count, or even to cause complete lack of response to pulses coming in at 
a very great rate. Electrical circuits have much less inertia than mechanical 
devices and can be used where it is neces.sary to count at very great speed, 
(lingrich, Evans, and Edgerton® described an arrangement which uses a meter 
deflection to give the average rate of arrival of the random counter pulses up to< 
rates of several thousand per minute. Neher and Harper," using a circuit due 1o 
Hunt,®' and their otvn high speed Geiger-Mtiller circuit, are able to observe at 
rates up to 200.000 random pulses per minute. Thus it can be seen tlmt Geiger- 
Hiiller circuits may be built with tubes and with recording sy.stems adapted to 
widely different conditions of radiation intensity. 

TTithin the counter tube itself and its immediate circuit, exist factors of 
central importance to the interpretation of the radiation measurement. Since 
every single photon and ionizing particle which traverses the sensitive volume 
does not initiate the discharge process, one .speaks of the “efficiency” of the 
tube: the aibitrary ratio of the number of particles that arc intercepted geo- 
metrically to the number that arc phy.sieally effective in discharging the tube. 

The efficiency of response of the coiuiter instrument varies with the wave 
length of the different i)hotons. For this reason the instrument is used essen- 
tially to com])are tlie activity of two sources emitting radiations of very nearly 
the same s]3ectral distribution, and not to make a direct, absolute measurement. 
^Measurements of heterogenous sti-ay radiations are thus “qualitative” unless 
they can be compared with a standard soru’ce having the same spectrum, or 
unless the spectral distribution is knomi and its effect on the counter can be 
deduced. 

The numerical data given by the uistrument — as in the regular comparison 
measurement — are significant aird most nearly accurate when they have been 
corrected for two factors: (a) the finite operation time of the Geiger-Miiller 
circuit (wliieli involves a “counting loss” while the Geiger-Miiller circuit is 
insensitive during the active discharge process), and (b) the statistical fluctua- 
tions due to the purely random incidence of the incoming particles. Locher and 
'Weatherwax" show how such c-oi-rections may be made in a simple manner. 
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Ti:ST rot? OCCliLT HEOOD® 


IjDw Mtn Rtnown/, M T , Pun \Dn nin, P\ 


I N Tlin loutinc cx.miinatioii ot spcoinitns tot otcull blood t\ith bin/ulnic oi 
oithotolulm It IS al\\aAS ad\isabIo to lia\o a conliol in ouki to check the 
KMjieiits, paiticulail\ m c<is( of a iic{iati\e uaclKii liotause one c.iniiot be sme 
the icagents ate actuc unices tluv aio cheeked 

In laboiatoues t\)ieie lilood is usually on hand it is a simple inatlei (o 
add a diop ot blood to the le.igent and obsene the itaetion innnediatch IIow 
c\ei, A\hcn a small laboialoi\ oi the gcncinl pinetitionei is making tests foi 
occult blood, It IS tioquentl^ tound ncccssan to puck the fingci m oidci to 
obtain blood Fuithciinoic, if the blood is not diluted suffieientl) it docs not 
indicate Asliethci oi not a txacc ot occult blood can be detected It is necessary, 
therefore, to make a sulTicicuth high dilution of tlic blood bcfoie checking the 
leagcnt 

Tile ^ollo^^lng licinoglobin contiol solution 1ms been piepaied and used 
foi the past jcai and a half It is of a Ingh dilution, has lemaincd stable, 
consc^^es time, and pic\cnts the dangci of laboiatoij infection fiom ficquent 
fingei punctuic 

The control icagcnt is picpaicd as follows 

To 20 c e of 50 pei cent ctln 1 alcohol, 1 0 e c oL dehbi mated oi ox, dated 
blood IS added 

Allow to piecipitatc for thiit> iniimtcs, stilling se\eial tunes duiiiig this 
pel lod 

Filter until clear, thiough 'Whatman No 1 filtei paper 
To the clcai icddish filtrate, add two paits of distilled watei 
A slightlj opalescent, light amber solution lesults 

The leagcnt will keep indefinitely m a tightlj stoppered bottle, a small 
diopper bottle will be found con\enient foi this puiposc 

One 01 two drops of tins solution will give a stiongl} positne leaction 
with benzidine oi oithotolidin leagents 


•From the Clinical Laboratorj of Claude P Brown AID Philadelphia 
Rccei\ed for publication Alaich 1 1938 



JIETHEJIOGLOBIN DETERJIINATION* 


A Clixical jMethod 


WiLLUjr B. Wexdel, Ph.D., Memphis, Texx. 


IWrETHBJIOOLOBIN iinfil reeently has been a elinieal oddity. Its forma- 
■*■’4. j^ion as a comjilieation of siilfaniJaniide fiierapy makes this iioiifinictiona] 
derivative oX liemogiobiii assume wide iii1ei-e.sl. Speculation ralliev tlian analyt- 
ical data, however, charaelei'ize.s mo.sl .statement.s in the curj'ent literature regard- 
ing the e.xtent to which accumulation of methemoglohiu accounts for the eyano.sis 
and the loss of oxygen eombining power of blood of patients receiving sulfa- 
nilamide. 

Tlie paucity of data on this important side reaction of sulfanilamide ap- 
pears to be due lai’gely to lack of simple methods for mcthemoglobin determina- 
tion. Existing metliods require expensive apparatus not found in most hos- 
pital laboratories (e.g., spectrophotometer, comparison spectroscope, bicolorim- 
eter) or involve at least one determination of oxygen or carbon mono.xide com- 
bining power. One relatively simple means of estimating methemoglobin would 
appear to devolve from determination of oxygen capacitj'' by the Van Slyke 
method and determination of total pigment by one of the acid hematin methods 
(Newcomer, Sahli, etc.). If no abnormal pigment oilier than methemoglobin 
were present, the difference between total and active pigments should x-epresent 
metliemoglohin. The statement by Peters and Van Slyke,' however, that acid 
hematin methods do not give reliable total pigment values wlien applied to blood 
containing methemoglobin and the suggestion of jUfarshall and Walzl- that blood 
of patients receiving sulfanilamide contains aniline black must have deterred 
some from using this metliod. According to our experience, the Newcomer 
nietliod gives reliable total pigment values on blood containing methemoglobin 
and we find no evidence that aniline black is present in the blood of sulfa- 
nilamide ti-eated patients. Siiectrophotometi'ic measurements which will he pub- 
lished shortly indicate tliat, except in a small number of cases wliere sulfhemo- 
globin has been observed, methemoglobin is the onty abnormal pigment likel,y 
to be encountered. We, tliercfore, consider tiie total pigment-oxygen capacity 
method suitable for clinical determination of methemoglobin. 

We have examined several Imndred .specimens of lilood from patients receiv- 
ing sulfanilamide and have found methemoglobin in every .specimen which con- 
tained more than 4 mg. per cent of .sulfanilamide. Failure of others to detect 
methemoglobin is certainly due in some instances to use of the inadequate quali- 
tative tests wliicli arc found in most textbooks of biochemistry and handbooks 

*Fro!)i tlie Departments of Internal Medicine and Biological Cliemistix. Wa.thinston 
University Medical School. St. I.,ouis, Mo. 

Kecoived for puhlication. May 14, 193S. 
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of clinical laboiatoi.i piotidnrcs Tiio stjUminf w fieiiiieiilh encountered, 
tliat methcmonlohm (.mnof he dotocttd sinclioscopi< ilh m hlood imle*'i it 
constitutes 20 to 30 pei icnt n£ the total pigment is mill no Mctlicmnnlohin can 
he detected spcetioscopicalh in blood nhon it Hpiesrnis as little as 3 I'cr cent 
of the total pigment 

A rapid and simple piocediire foi <iuaiititatnc dcteiniiiiatioii of methemo 
gloliin IS dcsciihed helon The method lepuiics spceial appaiatus, hnt of an in 
cspciisne iiatuie A determination can he eairicd out m less than flee minutes 
if the fiaclion of hlood pigment present as mcthcmoclohm alone is desired 
A knowledge of onlj the elements of spcctioscopc is leipiircd of the analjst 

The detcnmnation depends upon the following facts (a) Jlethemoglobm 
has a charactciistic ahsoiption hand m the locl poition of the iisihlc spectrum 
at A •= 630 tit/i (b) The width and the intensify of this ahsoiption hand are 
proportional to the coiicentiation of methcmoglohin (c) 0\c hemoglobin as 
compared with methcmoglohin absoihs little light iii the red region of the 
spectrum 

In piaetico all of the pigment in one sample of a specimen of hlood is con 
'orted into mothemoglohin and the mctliemoglohm coiieentration of this is com 
pared with that of an untreated sample of the same specimen This comparison 
IS accomplished In diluting the two samples until thee lune the same methemo 
glolnn concentration, as deteimmod be the width and the intensite of the cliarac 
tenstic absorption hand The ratio of these two dilutions icpicscnts the frac 
tion of total pigment picsent in the foim of methcmoglohin 

erneRVTts 

1 A Schmidt and Haonseh hand spectioscopc (.9 in Fig 1) with adjustable 
slit and long focus magnifier is iceommcndcd because of its clear optical field and 
high dispeision* This spectroscope has twro moeiiig parts, the telescope and 
the slit, the functions of which must be understood he the user The telescope 
IS foi focussing on the spcctium and should he extended until the Fraimhofei 
lines (dark lines ciossing the spccitum when the speetioseope is pointed toee-aid 
the ske and the slit is nearlj closed) aic sliaip The slit detiimmes the width 
of the pencil of light impinging upon the pi ism and thus the pniitj of the spec 
tnim obtained Jlaximum sensitieite m spectioscopic eeoik is obtained eehen the 
silt is as neailj closed as is compatible with good Msibilitj 

2 The specimen tubes (ST and V ) aie 100 cc giaduated cj finders, the 
flared bottoms of winch ha\e been giound down paiallel with the side walls 
These should not be eompletcli encircled hi giaduations, except perhaps at the 
10 ce inteiials, and should haie the same diameter between the 5 and 15 co 
calibiation This is checked bj mcasuting the longitudinal distance between the 
5 and 15 cc calibrations Cilinders winch dilfei bx not moie than 0 5 mm 
are satisfactoi-j 

*Hafwl spectroscope Vo 22-»a anJ 23“a Akittos Inc Ven lork N 1 These two spec 
troscopes aie Identical except that 22''a has accessories (a comparison prl«ni and Illumination 
mirror) v.hlch although not required for methemoglobin determination maj be useful if the 
mstrument is put to other use See Harnsons J/efftorfs iu Chmcal Ueatcine, ilacmlUan 1920 
for brief discussion of the hand spectroscope 
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3. The movable holder for the cylinders is a block of wood (dimensions, 
inohes long, 2% inelies wide, and inches high) into or through vhicli foiii 
holes arc bored. The tvo vertical holes arc for the cylinders and have a diameter 
% inch greater than the outside diameter of these. They are about 2 inches 
deep. Thin felt strips glued to the inner nails of tliese holes keep the cylinders 
in position when, in the course of comparing the spectra of the two solutions, 
tlie block is moved from side to side. The two horizontal holes (% inch in diam- 
eter), which pass through the block at the level of the 15 e.e. calibration of the 
cylinders, permit a beam of light to pass through the solution in the cylinder and 
into the spectroscope If the level of the solution in the cylinder does not stand 
above the beam of light, the cylinder is raised off the bottom and supported by 
a cork. 


L 



Pig: 1,' — Apparatus for incthemoglobm deteiniination 


4. A led glass optical filter,® 3 mm. thick and about 20 mm. in diameter, 
is fixed on the cylinder block in front of the standard. A metal disk carrying 
three red filters. 3 mm , 2 mm , and 1 mm. thick, respectively, and having an 
additional hole not covered by a filter, is attached to the cylinder block before 
the unknown in such a manner that auj' one of the filters or no filter niaj' be 
brought info the patii of light passing through the solution. A single filter, 
1 or 2 mm. thick, attached to the end of the spectroscope, can be used instead 
of the four, but v ith some sacrifice of convenience and accuracy. 

5. The base of the appai-atus, the holder for the spectroscope, the shield, 
and a cover (not shown in the illustration) are made of wood, A 60 watt bulb 
placed 2 or 3 inches behind a hole in the shield serves as a source of bright 

•The Jem. Colored Optical Glass Filter. RG-1, is recommended. It may be obtained rroni 
the rwh-Schumian Corporation, 230 East 45th Street. Neiv Yorh, N. T., in 2 inch squares The 
required sizes and thicknesses can be cut and sround from one such square of 3 mm. thickness 
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light The hise shoHii in the illiistutioii is .itt.nlied to a skoikI liaso upon 
iihieh the light is tised m oiflei tint the .iligiinii lit of tin s(i< < lioseojie .imi the 
light Hill not lit (listnihed in Ihetonist ol tin di li i inin.ilioii 

in \i.i MS 

(1) 0 05 jiti tent S.ipoiiin solution 1st onh « ptiit nhite pondei nhteli 
gi\es a pcifeeth clo.ii sohitmn Piesuii uitli toluene 

(2) 30 pel cent I’otiissmm fciiKjamdc solution 

(3) 20 pel cent Aninioimini .icct.itc solution I si onh the leagent fpialiti 
iiliich has been hept tighth stoppeicd This solution aftii diluting 1 20 should 
be pH 7 0 ± 0 2 

I'KOtl III HI 

Measiiic Ice of blond into one ol the iilindtis LaKt loi one minute iiith 
4 or o c c of saponin solution and add lee of the nninionmm acetate solution ' 
Esamme mth the sjiecti oscoiio foi the pusente of methemogloliin as follows 
Stalling with Ihc slit of the speetioseope elosod, giadualh open it until led 
light IS seen If the blood contains mclhemoglobin m tjuantitics gicafei than 
3 to 5 pel cent of the total pigment, a daik band will be seen neioss the led 
region of the spectium (This absoiption band of methcmoglobni disappixis if 
the solution is made alhalmo with sodium eaibonntt oi sodium ejaiude The 
somewhat snnilai band of sulfhemoglohin is not so affected ) If the coneon 
tiation of methomoglobin is leii high, the hold mni he so daih that the methe 
moglobm band will not bo iisible until the blood is fmtbci diluted If mote 
than a tiaco of mcthomoglolnn is picsciit ))ie|)aro the standaid mothomoglobin 
solution as follows Hleasnic Oaec folOce of blood into anothci csiindei 
containing about 10 e e of saponin solution and aftci Inking is complete (one 
minute), add 1 c c of ammonium acetate solution and 1 oi 2 diops of potassium 
ferric} aiiide solution Dilute fuitlici with saponin solution until the mothemo 
globin band is gieath dceieased in mtcnsitj An nppiopiiate dilution of (he 
standaid is 1 100 if the total pigment conceutiatioii of the specimen is appiosi 
match noinial A piopoitionatch smalloi dilution is rcqiiiied with anemic 
Woods The standard methemoglobin solution is now placed in the cjliiidei 
holdei between the light and the speetioseope, and the slit of the speetioseope is 
adjusted until a modeiatelj biight field is obtainea Without changing the shf 
the spectia of the two solutions aie compared bj lapidlj mosing the block fiom 
side to side If the width and the mtcnsitj of the absoiption bands of the stand 
ard and the iinkiiowii diffei, the latter solution is diluted with saponin until the 
two are alike — oi if the standard is stiongci, it is diluted The tliickncss of the 
filtei used liofoie the “unknown” should be incieased as the dilution becomes 
gieatei At low dilutions no filtei is placed befoie the uiiknowm Tlip thickness 
of the filtei to be used at a given dilution is that winch makes the oiange vcllow 
portion of the spectinm between the mctliemoglobm baud and the filtei boundaiv 
alike as to width and inteiisitj in the speotia of the two solutions The dilii 

•The ammonium acetate pjovldes a buffered sc 
is rcQuired because methemoBlobin Is an acid ba*!e 
of the acJf] form nhich i*? used Jn the determination 
In the acid form and the oxjeenation oC the hemoglo 


The buffer 
spectrum 
offloWn Jg 
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tions at ivhicli the absorption bands of metlieinoglobin in the two solutions are 
alike as to width and intensitj' are noted. From, these figures the fraetion of 
pigment 2 n'esent in the blood in the form of methemoglobin is calculated. If 
absolute concentration of methemoglobin is desired, total pigment also is deter- 
mined by a method which depends upon the formation of acid hematin (New- 
comer, Sahli, etc.) or cyanmethemoglobin (Stadie, Wu) or by iron analysis 
(Kennedy, Wong). Colorimetric methods depending upon carbon monoxide 
(Palmer) and methods depending upon oxygen capacity (Van Slyke) cannot be 
used. 



Fig. 2. — Comparison of results of methemoglobin determination by two methods. (The tliree 
different kinds of designations represent observations of three different individual.'!.) 


CAbCUbATlOX 

1. Percentage methemoglobin: 

Dilution of Unknomi 

z y rr T - -r-Tn — i — r 100 = Methemoglobin, as per cent of total pigment. 

Dilution of Standard a , f i 

2. Absolute met hemoglobin concentration: 

Dilution of Unknoivn „ , .. , ,, , 

•rrr: — : ; — w X Total Pigment =: Methemoglobin in grams per 100 c.c. of blood, or 

Dilution of Standard . 

volumes per cent, depending upon the choice of terms of expressing total pigment. 

Example- Standard, 0.5 c.c. of blood diluted to 40 c.c.; unknown, 1.0 c.c. of blood 

20 

diluted to 20 c.c. iMetliemoglobin = ^ ^00, or 25 per cent of the total pigment. 


DISCUSSION 

A comparison of the concentrations of methemoglobin in 26 samples of 
blood (from patients receiving sulfanilamide and dogs receiving nitrite) by the 
simple dilution method described here and the total pigment-oxygen capacity 
method shows remarkably good agreement. Total pigment ivas determined in 
most instances as acid hematin by the Newcomer method, in some as cyan- 
methemoglobin, speetrophotometrically. In Fig. 2 it is seen that the dilution 
method "ives values for methemoglobin which arc higher by about one volume 
per cent. This is true irrespective of the total pigment or methemoglobin concen- 
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tration The bioken diagoiinl line icpicsents the mcim deviation Tlie aveiage 
deviation fiom tins mean is oiih 0 G voliiiiics pci cent Most of tliese ohsei i ations 
■acre made with a single filtei of 3 mm tliicUncss and since it has been mir e\pe 
ncnce that the subjective aspects of the nielliod are inipioved bj the use of 
hltcl^ of diffeient thicknesses it is jiiolmlilc that tlic method as deseiibed gives 
even better values In nnv case it is adef|nale foi clinical pm poses 

and Stadia' stale that acid hcniatiii methods do not give leliable total 
pigment values when applied to blood contaiiiiiig methenioglobm Both vvorkeis 
apparentlv used blood to winch a laigc c\tcss of fciiievanide had been added 
Dili expel imeiits show that the Iveii coniei proicdnre gives eoircct total pigment 
values on bloods containing mcthenioglobiii piodiieed bv nitrite 

SVIVIVI VRX 

A simple, lapid, diicct spuliostopn iiulliod foi i|ii<nitilalivc deteimniation 
of methcmoglobin in blood is dcsei died 

Jddnulum A nucroiulnpt'itjon of tlic nbo\c pr<KOt)ure orit fJftJi ns much blood 

in standard and untnomi and proportionatcU ‘^mailer aiuounts of the several rengfent®, and 
performiQg the dilutions in. 10 cc in^tcid of 100 cc graduated evlinders permits determina 
tion of methcmoplolnn on finger tip blood For standard OJ cc of blood is diluted to 2 to 4 
cc, depending upon the total blood pigment concentration 

Further studv of the method Jin-' ‘•hovvn that wmillcr hand sjt tro^topen thin the omh 
ic oinniendcd ( m bo u«ed vvithout ««gntfi(aiit Josh of icouratj 

Tl V. valuvblc jaslstivnco of Ml'S Jt in H chti Is acknowledge) 

REFERENCES 

1 Peters, J P, and Van Slyke, D D Quantitative Clinical Chemistry, Baltimore, 19o2, 

'Williams L Wilkms Co , Vol II, p 063 

2 Marshall, E K, and Wahl, E M On Cyanosis From Sulfanilamide, Bull Johns Hopkins 

Hosp 61 140, 1037 

3 Wu, H Studies on Hemoglobin I The AxHantaRe of Alknhne Solutions for Colorimetric 

Determination of Hemoglobin, J Biochcra 2 173 1923 

4 Stadie, W C A Slethod for the Determination of Methcmoglobin m Blood, J Biol Chem 

41 237, 1920 



A NEW BABY BALANCE 


Erich Loewknsteix, Ph.D., Flusuixg, N. Y. 


1 WISH to describe a new baby balance which is used mostly in children's 
hospitals for the purpose of measuring the insensible perspiration. The 
insensible perspiration is an important physiologic function, providing one of 
the three avenues for loss of heat. When enviromnental conditions are reason- 
ably constant, about 2o jier cent of the total calories are lost by the evaporation 
of water from the body. Thus from the weight loss, the basal metabolic rate 
can be predicted. It lias been shown by Levine and otliers that the prediction 
is sufficiently accurate for most clinical purposes. The method is particularly 
useful in the ease of children, who, because of inability to cooperate, cannot be 
measured in the conventional basal metabolism apparatus. The sensitivity of 
the Sartorius baby balance has made it possible to introduce a damping device. 
Thus, since shorter periods can be used for weighings, a closer correlation can be 
maintained between lo.ss of weight and exti-ancous factors wliich modify the 
metaboli.sm. The balance can also be used for many other purposes, such as the 
calibration of volumetric flasks, where a high sensitivity is required with a large 
capacity. It can also be used for recording the growth of plants or animals, 
and for the insensible perspiration of animals. The accuracy of this balance 
is 10 mg. at a capacity of 25 kg. 

The balance possesses several distinctive features : It is fitted with speciall}’’ 
constructed suspensions (1) which compensate for the pendulum motion of the 
balance pans (2). This type of suspension compensates for oscillations in all 
directions. 

It is equipped with circular arrestment (3). This arrestment disengages 
the three .special steel knife edges (4) in such a way that friction across the 
knife edges cannot occur, a feature which results in an unaltered sensitivity 
for a long period of time. The arrestment may be equipped either with a wheel 
or. for smoother release, with a lever. 

In jilace of the old type free swinging beam, the new balance has a simple 
oil-damping attachment (5) which brings the beam to rest after a single swing. 
A paddle is fixed to the beam in such a way that as the beam swings, the damp- 
ing effect of the oil is brought to bear on the paddle. The use of a magnetic or 
electromagnetic type of damjiing was avoided since the accuracy of a balance 
can be affected by a magnetic field. The pointer (6) carries a photomiero- 
graphic scale (7), which by means of the pro.iection device appears illuminated 
on a ground glass screen (S) against a hair line. The new projection device is 
fixed to the i>illar to prevent zero point changes. 

Re-celvt-il for publication, July 20, 1037. 
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Tlie new projection apparatus operates as follows ; 

An electric bulb (1) (see Fig, 2) of 10 to 12 volts mounted in a socket (2) 
serves as a source of light. The lamp housing (3) is covered entirely so that the 
infants will not be disturbed by the light. The electric current is drawn from 
the main through a transformer or resistance and thence to an automatic con- 
tact switch. This switch is operated by the knob for the combined pan and beam 
release. An alarm signal indicates that the arrestment of the balance has been 
released, and sei'ves as a warning that the infant should not be removed at this 
time. Damage to the loiife edges is thereby prevented. The light from the bulb 
is carried through a tube (4) which contains the condensing lenses. The light 
then passes through an optical scale (5) and through an objective (6). The 
objective permits adju.stincnl of the sharpness of the image on the screen (8). A 
fine hair line permits adjustment of the zero point. This zero point adjustment 
is easily accomplished from outside the case by a screw (7). The device permits 
the reading of masses from 0.01 gm. to 1.0 gm. without the use of fractional 
weights. The scale is graduated on both sides into 50 divisions, eacli division 
being equal to 0.02 gm. By estimation between the divisions 0.01 gm. can easily 
be read. The figures read from 0.1 to 1.0 gm. and are designated as plus or 
minus, indicating that the scale I'eading is either to be added to, or subtracted 
from the final weight. The divisions and numbers on the scale appear sharply 
defined on a dark background and easily permit accurate readings from a dis- 
tance. Therefore, a special table for the balance is not needed. These features 
allow one to make weighings with great rapidityL Errors associated ivith the 
liandling and reading of weights and a rider, and from occluded dirt, etc., are 
entirely eliminated. The large projection of the scale on the screen permits ac- 
curate reading at a long distance udthout eyestrain. 

The heam is of the sliort armed type (24 inches) and is protected with a 
black acid-proof vaimish. The kniie edges are of special hard steel, and the 
plates of fine agate. The diameter of the pan on the left side is about 15 inches. 
The pan liolder is covered with acid-proof varnish, and has a height of 30 inches, 
and a width of about 15 inches. On the right side a special aluminum basket 
is mounted on the pan (length 40 inches, widtli 14 inches). Tliis basket is 
covered with a net so that the infants do not come in contact with cold metal. 
Netting is also provided to preveiit the babies from touching and disturbing the 
mcciwnistn of the balance. The balance is completely^ enclosed in an oak housing 
with front and side doors. The dimensions of the housing are as follows ; 56 
inches height, 52 inches width, and 48 inclies depth. Tlie balance is mounted 
on a hea'i’y oak base plate with leveling screws, and level on the base of the 
pillar. 

To further simplify and speed up tlic weigliing procedure, tiie balance can 
be equipped with a device for manipulation of weights from 1 to 100 gm. from 
outside the case. The device is operated by means of a double knob arrange- 
ment, consisting of an inner dial and outer ring. The total of these accessory- 
weights is indicated by an arrow. By turning the inner dial, weigiits from 
10 to 90 giu. can be added, and by turning the outer i*ing, weights from 1 to 9 
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j;m can be put ou the auvilmn beam The uoighls, wliicU aio placed ou tins 
notched beam o\ei the left baiigti, aie lioiseshoc slnpcd and <aic suspended 
fiom long boohs ubub uben laised oi hraeied pul on m liiKe ofl the ueiglifs 
The weights so aiinngid will uithsland scicte jainng uithout tailing from 
their suspensioii This t\pc of utighi miiiiipiil itoi opuatts casilj and elimi 
nates much of the labor of adding single Heights to tlie Height pan The speed 
of manipulation of Heights bj turning the knobs is at least fire times faster 
lhati handling mdiridual Heights rrilh forerps In .iddition, since the Heights 
ate not handled, ther Keep their neeiiiaer, and aie fiec from dust 

IVlien Hcigliings are to be made orot a long period, saj fiom one to trro 
hours, jt IS perhaps advisable to provide cm tains around the outside of the case 
so that the infant will not be disliiihcd 

In order to have reproducible conditions of tonijicratiiie and humidity, a 
tliermogiapli and lijgiogiapli mav be installed m the room These urstiuments 
can be fitted with contacts vvliieli actuate rclavs and operate an an conditioning 
apparatus The tempciatiiic of the babj can be measured bv rectal thermo 
couple or In an clcctiie resistance thermometer 

The results obtained with this balance arc csceedinglj satisfaotorv The 
zeio point has proved constant, the sensitivitv is high, the damping device is 
effective, and the proicotion reading device is eonvcnient If for special pur 
poses it IS dosirahlo to have a teeotding device instesd of a projection reading 
device, a simple photomicrographrc recording attachment can be furnished with 
the bahneo 

T?je author deopfj /ndcbtcft to PfatU ^ B/iucr Inc Vtw "iork manufactured 

ind InstaUcl balance for their Invaluable all In the development of this apparatus 

RErnirNCJ s 

Icwnc, Saniuol 2, Tn/ms K nm) Kr))v Mar*, jrrt T)ip In-onsiblo Perspmtion in 

Infanct and in Clnldliood Am T Pi'* Child 39 95 7 1930 
Letine, Samuel Z, and ^^vatt 1 C The In'-cn^ublc Per-’piration in Infancj and in Quid 
hood, Am J Djs Child 40 269, 1930 

I orme, Samuel Z, and T C The Insenvjlde Perspiration in Infanc;> and in Child 

hood, Am J Dj^ Child 44 732, 1932 

Levine, Samuel Z, and ■\^heatlev, M A Respirator,) Metaboliam in Infanca and in Child 
hood, g\.m J Pis Child 51 1300, 1930 

Nickerson R F An Improved Technique for Determination of Insen'^ible Pcrapiration, 
J Lao a Cliv JIed 22 412 1937 

Ginandes, G J, and Topper, A Insensible Perspiration, in Children Am 7 Dis Child 
62 1335, 1937 

Ginandes, G J, and Topper, A In^vensihlc Perspiration in Children Am J Dis Quid 52 
528 1936 ^ 

Ginandes G J ami loppcr, A Insensible Pcrspirafion in Children, Am J Tjis Child 
53 705, 3937 

Johnston, M W , and NevsburKh, L H J Oin Investigation 8 147, 1929 
Benedict, F G , and Root, H F Insensible Perspiration Its Relation to Human Ph>siolog> 
and Pathologj, Arch Int Med 3S 1, 1920 

Benedict, F G and Wardian, H S H Some Factors Determining the Insensible Perspira 
tion of hfan Arcli Int 3fed 49 1029 2932 



DEPARTMENT OF REVIEWS AND ABSTRACTS 


Egbert A, Kiujcffe, 1I.D,, Abstract Editor 


STEBPTOCOCCI, Hemolytic, Bacteriological and Oliaical Study of Brofessional Personnel 

of Maternity Hospitals, With Special Beference to Carriers of, Bryce, B. M., and 

Xewsley, P. Med. J. Australia 1: G39, 1D3S. 

A brief description is given of an outbreak of a puerperal fever, involving tbreo 
patients in a maternity hospital. The measures adopted to deal with it and those designed 
to prevent future similar outbreaks are outlined, 

Tlie value and limitations of periodic swabbing of tlie nose and throat of mid- 
wifery workers are discussed. 

The bacteriologic technique is described. In addition to the recognized biochemical 
and serologic methods of classification of hemolytic streptococci, their sen.«ith’ity to four 
serologically distinct types of streptococcal bacteriophage was tested; it was not found 
to be in complete agreement with the results of the precipitin test. The variation 
of sensitivity- to bacteriophage among strains falling into Luncefield ’s group A suggests, 
however, that this property might be used in epidemiologic studies. 

The incidence of throat carriers of gi'oup A streptococci among the contacts of the 
three patients with puerperal fever was found to be 22 per cent. On two subsequent 
occasions, when there had not been recent known cont.act with streptococcal infections, 
the incidence of group A streptococci among similar groups of medical practitioners and 
nurses was 3 per cent and 6.7 per cent, respectively-. 

Cases are described and tables arc given illustrative of the varying problems en- 
countered in different individuals. 

In persons with healthy respiratory tracts the presence of hemolytic streptococci in 
throat swabs appeared to be closely associated with recent contact with streptococcal 
illness. In those with clinically detectable abnormality of the nasopharynx there was a 
greater tendency to harbor hemolytic streptococci, irrespective of recent contact. It is, 
therefore, suggested that exclusion from midwifery units of persons with such abnormality, 
by means of preliminary medical examination, would be a possible way of reducing the 
ri.sk of infection of patients and the disorganization attendant on their withdr.awal dur- 
ing a period of midwifery work. 

POSTMORTEM EXAMINATION of Stillborn and Newly Eom Infants, Potter, E. B. 

Arch. Path. 25: G08, 193S. 

The post-mortem examination of the stillborn infant and the infant dying in the 
neonatal period presents certain differences from post-mortem examination of the adult. 
The causes of death in the stillborn and the Uveborn infant are in general similar and 
are largely related to ante-partnm and intra-partum obstetric complications. There is a 
small group of infants who succumb because abnormalities of the ova or spermatozoa 
have prevented normal development, and there is a small group who die from infections. 
Most of those remaining die from abnormal factors associated with the placenta, umbilical 
cord, birth processes, or the establishment of extranterine life. 

To determine the cause of death is frequently- difficult, and if the body of the 
infant is the only material available, it is frequently impos.sible. To make it possible 
to arrive at a reliable conclusion, an adequate clinical history mu.st be available, ami the 
placenta, cord, and infant must be examined. Autopsy of the infant should invariably 
include c.xamination of all parts of the body, including the cranial, tboracie, and nh- 
dominal cavities, the neck, the vertebral column, and the long bones. Microscopic ox- 
amination of the viscera is es.sential. 
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JAtJNDIOBr Nnt\irc of the Bleeding In, Qttlck A J T \ M \ 110 lf)jS 1S>'‘8 

I’rotlirotnbiii ilefn lern \ jx in uiipnrf inf iniisn of «Ioi( ^l^c mil jirolonj^ed cmgiiln 
hon of tlio Moot] A iMilr niiirgin ol hnnoitr, nllnus iiPTrh SO jici tent of the 

prnniroiiiliMi in liiiiiinn hlonil to be Jo**! iioioii }>i.rirux Iioinorrli igi ()<<tirx In vinoux 
t\Iies of jiundico tin protJironihm nm\ diop to an t\<L<. hii;,h I >u level aid it has been 
found that the bhcdiiif; lendtiuv < orresponds to tho protliroinbni depletion I spcnnietifnllj 
it Ins been demonstrated flint the prothrombin tan he re Iticcd h\ dvitrivafion of Mtnnnn 
K, bv a tONin Fueli as occurs in spoiled xweet cloier imv, and b} an injury to the liver 
In all Ivpcs of prothrombin dcfieiencv, blood transfusion is n prompt tlier ijteutic means of 
stopping blooding, since suflicient prothrombin is «uppbc 1 to assure normal coagulation, 
but its bcrieficml action is temporarv Tlie poniiaiirnt cure di pends on restoration of 
normal hepatic function A vitniiin IC deficient v as a c ukc ol hemorrhage has not been 
demonstrated clinicallv but it is probable that it m iv be a c an c of bleeding in man 

TISSUE "Inflamaiatory Carcinoma” of the Breast Taylor, G W, and Mcltzer, A Am 
T Cancer 33 31, J03S 

A cluneal stud) is presented of S (nst-* of intl ntm itoiv caninoma of the breast 
seen at PoiidMilo Hospital over a mne and om h ilf vtai period 

This grave disease is not rare The Jilerntiin <ontan> over a litinlrel eo*-es The 
incidence was 4 per cent of all bnaxi laittor- in our sern •» 

Although the djseise iv rare after seventv us ige distribution t« the «amc ns for 
cancer of tho breast in geinril 

The inflamnntorv signs mi) niise «imulf meouslv with the cancer (primary t)pe) 
or they ma) occur after a scirilions tamtr has betn present foi some time (secondary 
tvpe) l»ain is a Lommoa e irl) svmpfom in tin pruniiv group Inflaimnatorv signs niav 
result in nusfakcs in diagnosis ami itijuditioiis car/v thcripj 

The pnmarv cases come to medical attention earlv, vet tlieir iiiflammator) signs 
are vibunlly fullblown and tlio di«tase is widespnad on admission The cancer niaj have 
an acute crjsipeloid distrilmtion or show a tcmlemv to nodular lovaliration Ulceration 
js rare 

The disease spreads rapidlv in the snperfitj il Jvmpliatic structures of the chest wall 
Jlultiplo MSccral inctastnses occur earl), but the rapid course of the disease often does 
not permit them to attain clinical recognition Bone metastases vren recognired roent 
genologicallv in only 4 pnmarv cases In the uncomplicated cases, Icucoc) tosis, fever, 
and other signs of tOMCitv arc rare Tho patients maintain romarhabl) good health 
through the greater part of the course and cachewn is unu^uvl Death is most often vine 
to intrathoracic complications Tho average duration of life m pnmarv cases was 213 
months, in secondary cases 10 S months after the appearanco of inflammatory signs 

The infiammatorv signc of edema, redness, and heat are due to extensive lymphatic 
blockage b) cancer and congestion of the subpapillarj plexus There is no uniform 
pathologic type * 

The largo fatt) breast ‘oems a predisposing factor as docs the h)pei plastic breast of 
late pregnanc) or lactation No other predisposing factors could be established 

The results of therap) are poor Surgerv is followed b) prompt evidence of supra 
clavicular disease, skin recurrence, or invasion of the opposite breast \ rav seems to 
give the best palliafire results Artificial menopause does not alter the course of the disease 

OINGIVITIS, Acute Infectious, Black W C Am T Dis Child 56 126, 1038 

The term ” icufe infectious gingivostomatitis ' is proposed for that common but 
widel) misunderstood and mistreated disease of the mouth m children vrlm.h is characterized 
b) marked gingivitis, oral fetor, fever, and enlargement of the regional Ijmph nodes 
There arc serious objections, to tho use of an) one of the numerous terms now applied 
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to this iliseaso. Its cause is uiikno\vn. It is unlikely that the oral anaerobic organisms, 
among uhich arc Vincent’s fusiform bacillus and spirillum, play more than a subordinate 
role in the pathogenesis. Oral anaerobic organisms of various sorts are comstant inliabitanfs 
of the anaerobic crevices of the nommi mouth, even in young children. They maj' tem- 
porarily increase in number during any gingival inflammation. Individually arid collec- 
tively they are practically bereft of pathogenicity for laboratory animals. 

By clinical and laboratory analysis in 69 cases, it has been found that acute infectious 
gingivostomatitis affects the hardy and ivell-kept child as commonly as it does the malnourished 
and dirty. It occurs most commonly in the fall and udnter months, and the incidence is 
about twice as high in girls as in boys. The peak of age incidence comes at thirty months, 
while in four-fifths of all cases the disease occurs before the fourth birthday. Fever, the 
symptom most commonly present at onset, often precedes the appearance of local lesions by 
one to three days. The gingivitis and oral fetor frequently reach their peak of intensity 
after the constitutional S 3 -mptoms have subsided. More than half of the patients have little 
round, shallow, gray oral or labial ulcers. Of the patients in which these ulcers do not occur, 
about five times as many are ^rls as boj's, while the incidence of ulcers shows no significant 
sex difference. The disease, from the apearanee of the first sjauptom to complete healing, 
usuallj' lasts from nine to fifteen days. 

The disease is benign and self limited. Becurrenee and second attacks are rare. No 
important complications were encountered in the present series. The affliction is mildly 
contagious; the principal danger is that infection maj' occur in j'oung children who come 
into intimate contact with a patient. Debilitated children or children suffering from measles 
should be rigidlj’ protected from exposure to this disease. 

KHEHMATIO FEVER, Serum Cholesterol in Patients With, Offenkrantz, P, M. Am. J. 

Dis. Child. 56: 68, 1938. 

A complete series of 100 patients with rheumatic fever has been reported on. Fortj’- 
nine of these were taken as a control group, since thej- had no ei'idence of rheumatic activity. 
Evidence of such activiU* consisted of elevation of the leucocj'te count above 10,000 per 
c.mm.: an erj'throcv'te sedimentation rate above 12 mm. per minute, and increasing cardiac 
damage, as shown bj' electrocardiographic studj'. The mean total value of the serum 
cholesterol (and standard deviation) was 181.9 ± 23.5 mg. per 100 c.c.; the mean value of the 
free serum cholesterol was 50.5 ± 7.4 mg.; the mean percentage of free cholesterol was 
27.3 ± 2.23. 

Of the remaining 51 patients, 5 died. Analyses of serum cholesterol within one daj’ 
prior to or ten minutes after death revealed severe depletion of the cholesterol ester and onlj- 
slight lowering of the free cholesterol level, so that the percentage of free cholesterol rose 
above 30 iu each instance. 

Eleven case histories were presented of children who seemed to suffer activitj’ of the 
rheumatic fever throughout the period of observation. Tlyjre was no cardiac failure of the 
right or left side, and all patients had negative Schick and Mantoux reactions. Here like- 
wise the total cholesterol levels of the serum seemed to be definitelj' lowered and the per- 
centage of free cholesterol elevated, so that the depletion was ascribed to the ester fraction. 

In the next series (12 cases), the status of the disease fluctuated, periods of rheumatic 
inactivity being interrupted by flare-ups. The periods of activitj' again showed the lowered 
.serum cholc.sterol level with the elevated percentage of free cholesterol (loss of ester). A gen- 
eral inverse relation was noted between the severitj' of the ester depletion (with a rise in the 
percentage of free cholesterol) and the sedimentation time, but this relation was not quantita- 
tive. 

In 9 patients periods of cardiac decompensation were associated with the rheumatic 
infection. During such periods of failure, with passive congestion of the liver, the flare-up 
failed to produce rise in the percentage of free cholesterol, although there was a moderate 
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full in tlio lotnl cholesterol miIuc". Tins inOicnted that both the ester and the free cholesterol 
content wen* lowered. A similar citu.ntion seemed to pre\nil m the 7 ca*^cs in Trhich a 
fluctuating ^itntus of dieeaso an as complicated I>n a po^ilne Mnntouv reaction, though 
in G of these cases there was no clinical or roentgen evidence of active tuberculosis, 
Lastly, 5 cases were cited in v\h5ch unusually high values for total cholc“vterol prevailed, 
despite actirity of the iliseasc. It was suggested at tins point that possibl} a psychiatric' 
fancfioml status is associated with a particular type of cholesterol level m the blood. 

The pertinent literature for tins study is citeil, and the salient findings arc discussed. 

BENZEDBINU, Color Reaction for, Richter, D. Rnt Lancet 1: 1275, 3938 

Using the nncroinethod de‘'rrilK*d ]k*1ou, it was found lint with doses of 20 nig. 
Kwi'drine sulfate in some vubjecta only >0 to 50 jier <cnt is cnc reted m the unno in twenty 
four hours, and lionrednne may still lie delis led in Ihe urine forfv hours after administration 

Rm/edritt<» gives a yellou lolor mtU n inmil/i'r of nilrophciiols, incladitt^ p/eric aeid, 
and this may be use«l a^ a lonveiueril method of eslmntian for amounts down to 0 001 mg. 
per p.r. 

To GO c.c. urine in a 250 c.c. separsilmg funnel, arc aildcil <» c.< pcfralcum ether and 
•1 c c. 2 X caustic soda rohition. The niivtiirc is sji.aken three minutes by a rotating motion 
to prevent froth formation, allowed to stand two imnutcs, and tlio aqueous layer rvm off. The 
petroleum ether lajcr is centrifuged five minutes cle.'ired by stirring with a glass rod, and 
rentrifugod for ft furtlior two minutes. Three cubic centimeters of tlie petroleum ether 
solution is measured in a dry pipette or 10 cc measuring evlindcr and washed with 3 c.c. 
chloroform into ft dry test tube; O.G c.c of a ^olutlon containing 3 per cent picric ncul in 
toluene is now added. The tube is allowed to <*tan<l well corked for twelve hours, during 
which time the picrates of other basic substances from the urine •'cparntc out; the clear yellow 
solution IS then compared with a senes of standards prepared in a simdar manner from solu 
tiorus containing 0, 1, 2, 0, 10, and 20 y benzedrine per cc. For making the standards pure 
liquid benzedrine was ii'.ed and the ^olutlon titr.ited with standard K/5 acid, but for many pur- 
poses it is sufliciontly accurate to u«c a solution obtained by heating a 10 mg. tablet of 
benzedrine sulfate with 7.3j e.c. water (the starch with whmh the tablets are made up does 
not interfere). The resulting solution contains 1 n»g base per cc 

Normal urines often contain email amounts of amines which give a slight blank value 
corresponding to about 0.5 to 1.0 y benzedrine per c.c. The value of tlie blank must, there- 
iore, be determined and subtracted from the values obtained after giving benzedrine. 
.Siiiall amounts of indol in the urine do not interfere with ilie ostiniation, but tlic forma- 
tion of amines by’ bacterial decomposition must be avoided i>y adding a few drops of 
toluene and using the urines as fresh as possible. Traces of moisture or alkah m the tubes 
interfere with the estimation, and it is chsential that the tubes siiould be well cleaned witli 
cleaning fluid and dried. 

SPINAIi FLUID, a Globulin Test for, Newman, K. O. Brit. Lancet 1: 1333, 1938. 

The method suggested is considered superior to Pandy’s and consists in using a 5 per 
cent solution of pure tannic acid in distilled water as a reagent, instead of phenol. The 
solution is rapidly matle and keeps well. It is innocuous and can be prepared without laborn 
tory equipment. The sensitivity of the test is very slightly greater than Fandy’s, and the 
result of it can still be seen and estimated, after a considerable penod, whereas the result 
of Pandy 's test vanishes after a few minutes. 

The test is best earned out by putting approximately 1 c c of 5 per cent tannic 
acid into a watch glass. One drop of cerebrospinal fluid is allowed to run into the solution, 
and the reaction roaches its maximum within a minute, after which it remains stationary. 
A positive reaction is graded in the usual way, as + or ++, or + + +. 
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LIVER, ratty Infiltration of, and the Development of Cirrhosis in Diabetes and Chronic 

Alcoholism, Connor, C. L. Am. J. Path. 14; 347, 193S. 

Fatty infiltration of the liver occurs in tho.se conditions where, because of lack of 
intake or absorption of food, fat is mobilized from the existing fat depots; and where, 
because of internal interference with the metabolism of fat due to anoxemia or tissue anoxia, 
the accumulated fat cannot be broken dowTi for use. In the first instance it results from 
external starvation; in the second, from what may be called internal or tissue .starvation. 
In both instances normal carbohydrate-fat metabolism docs not take place. Among the 
conditions in which this normal metabolism is altered or inliibitcd are 'the various diseases 
which, by their nature, are called wasting; the disease diabetes, and the disease following 
the introduction of poisons which inhibit proper tissue oxidation, the most common of 
which is alcohol. Other diseases occur but are not dealt with here. 

In the starvation accompanying progressive morbid states the condition is of little 
pathologic importance, being in most cases terminal in nature. In diabetes the enlarged 
fatty liver may be influenced by insulin and by strict dieting, but also nia}' persist for many 
years. In alcoholism a variety of factors operate to produce the same condition. Alcohol 
alone will cause some fatty infiltration, but as relative and sometimes absolute starvation is 
constantly associated with severe chronic alcoholism, the development of fatty infiltration of 
the liver most often depends on a combination of these two. The absence of vitamin B, 
in the diet may contribute also to this, but such deficiency is probably of minor im-. 
portance. 

Exi)erimeuts cited in this paper, and analysis of existing recorded observations and 
experiments, indicate that a liver containing demonstrable neutral fat is in most cases 
pathologic; that fat may pass into and out of the liver with astonishing rapidity; and that 
fat may bo present in such amounts as to interfere seriously with both the metabolic and 
the mechanical functions of the organ. In two cases of diabetes this chronic fatty infiltra- 
tion went on to portal cirrhosis. One of these cases was so severe that the patient died of 
hemorrhage from esophageal varices. The development of perilobular fibrosis seems to bo 
the result of a combination of mechanical pressure, local tissue anoxia, and general anoxemia, 
causing atrophy and degeneration of liver cells. 

The alcoholic liver occurs in two forms, one of wliich is the precursor of the other. The 
fir.«t is the enlarged tense liver so swollen with fat that the distended surface lobules present 
the appearance of cirrhosis. This cfFect is further simulated by the intrahepatic block, 
which interferes with excretion of bite, and the transmission of portal blood. The clinical 
signs of jaundice and ascites are thus produced. Many such patients lapse into coma and 
die, and at autopsy the large liver is the only prominent finding. These show lobules dis- 
tended with fat, and some show, in addition, hyaline degeneration and atrophy of peripheral 
cells associated with early proliferation of fibroblasts, A series of cases presented here 
represents this group, and another series illustrates the second form in which further 
))ro!ifonition of connective tissue produces the typical picture of portal cirrhosis as seen in 
chronic alcoholism. An unmistakable gradation of the one into the other is so manifest that 
the mechanism of the production of alcoholic cirrhosis seems to me to have been demonstrated. 
The iibscncc of fat in many such livers at the end is explained by the exhaustion of body 
fat, by the discontinuance of alcohol consumjition, and by the resumption of a normal or a 
high carbohydrate diet. 
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and also to determine the underlying factors responsible for the appearance 
of the respiratoiy waves. A preliminaiy report of this study has appeared.® 

PROCEDURE AND RESULTS 

The apparatus used for tliis study was constructed by the General Electric 
Co., Schenectady, N. Y. It is a photoelectric recorder which combines all the 
advantages of direct acting recorders with tliose of tlie most sensitive instru- 
ments. Plethysmographic changes are transmitted liy simple rubber tubing 
to the basic element or tambour mounted on the apparatus. Any motion of 
the tambour in turn moves a small mirror whicli, wlien in equilibi'ium, casts a 
beam of light exactly between two photoelectric cells. With the aid of an op- 
tical system of mirrors, imbalance of the central beam activates the right or left 
photoelectric cell. This procedure accordingly moves a siphon type recording 
pen which follows an indicating element and records on a continuous strip 
chart (Pig. 1). The apparatus is simple to manipulate and affords one a direct 
record and vdthoiit recourse to photogi'aphic procedures. The records can be 
readity reprinted. 

1. Calih7'ation. — Preliminarj’^ studies in periplieral vascular phenomena re- 
vealed the extreme sensitivity of this new type of recording device. An attempt 
was, therefore, made to calibrate it. A circular pyrex glass chamber (9.0 by 
2.5 cm.) was constructed with three outlets, the center one of whicli was attached 
to a microcapiUari,' pipette graduated to 0.001 c.c. One outlet was connected 
to the recording deidee and the other served for introduction of a colored fluid. 
A 1 c.c. tuberculin syringe was attached to the pipette to facilitate withdrawal 
of fluid from the glass chamber. Pinch clamps were placed at one outlet and 
betAveen the pipette and chamber. Beginning with the colored fluid in the 
pipette at zero, increments of 0.001 c.c. Avere introduced into the chamber and 
the magnitude of deflection of the pointer noted. This procedure Avas continued 
until a maximal deflection Avas noted and then the deflections Avere measured 
upon withdraAAung 0.001 c.c. increments. 

It Avas found that the magnitude and accuracy of the deflections, Avhen the 
tambour of the apparatus was fixed at zero, depended upon the internal di- 
ameter and not upon the length of the tube connecting the chamber and photo- 
electric recorder. Rubber tubes of nine different lengths and of four different 
diameters Ai’ere used. The most satisfactory tube for animal Avork had an in- 
ternal diameter of 0.15 cm. and an outside diameter of 0.4 cm. The length 
could be Amriable up to 175 cm. With such a tube, the siphon pen of the ap- 
paratus shoAved a deflection to either side of the midline of 48 mm. representing 
an increase in volume in the chamber of 0.16 e.c. Therefore, 1 mm. deflection 
Avas equivalent to a change of 0.003 e.c. in volume. Changes of 0.001 c.c. 
could be detected, but only the 0.003 c.c. increment could be accepted as ac- 
curate. 

Although this apparatus requires little teclinical loioAvledge to manipulate 
it, it is exceptionally sensitive and accurate. The onlj' significant precaution 
in its use is to avoid extraneous vibrations or undue movement of the animal. 
The calibration, in particular, has seiwed to form a basis for quantitative study 
of peripheral vascular phenomena in man. 
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2. Factors Concerned H'aics of Respiration tn Pletliysmogi apUxe 

Studies — In determining the lolo played by ncnous and mcehanical factors 
m the appeal ance of lespiiatoij ■naies. pletlijsmogiapliie lecoids ■neie made 
of the fingei-s and toes of 3 men and 3 nionkeis, and of tlie hind pan of 3 rabbits, 


, rig I — The photoelectric recorder used In plethjsmographic studies of digits of man and 
Of. the paw of animals i, siphon pen, 2, Indicating element S, strip chart 4 photoelectric 
cell, 5^ mirror, 6, chart carriage 7, basic element or tambour 8, rubber tube to plethysmo 
?rraph (Through the courtesy of the General Electric Co Sclienectady. N 1 ) 

5 rats, 5 guinea pigs, 5 cats, and 22 dogs The plethjsmographs t\ere made 
of pyrex glass tubing, one end of -nluch was connected to the photoelectric 
recorder and the other end snugly attached Avith a synthetic nonelastic rubber 
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dam and a layer of vaseline at the second interphalangeal region, generally of 
the finger, or at the first interphalangeal region of the toe. In animals, the 
plethysmograph was attached 1 to 5 cm. proximal to the pad of the hind paw. 
Air leakage Avas eliminated befoi-e experimentation. 

In addition to the pulse and volume changes, waves synchronous with 
respiration could be noted in all observations made, except in the case of guinea 
pigs and rats and in a number of instances in the toes of man and monkey 



c f E 

Fig. 2. — Plethysmographic records taken on a continuous strip by the 
recorder of the digits of man and monkey and of the hind paw of animsus. Note the puise 
rate and waves synchronous with respiration. The bottom tracing in a# 
respiratory chest movements. Decrease in volume of the digits is noted 

pointer toward the zero mark; increase in volume or vasodil^ion, by movement rn^ara c 

ten mark. Line 5 represents the normal or initial volume. The vptical 

second intervals. Waves synchronous wiUi respiration may be seen in records of ail anim 


(Fig. 2). When these respiratory waves were present, a definite correlation 
could be established between plethysmographic volume and phases of respira- 
tion. Decrease in volume followed inspiration and increase in volume generally 
w'as seen after expiration. It w'as significant to note that the magnitude of the 
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lespiiafoi} \\avcs ui the plcthjsjmo^iapli tidciiif: ms diitcUj piopoitional 
m all cases to the inciease in plotlnsmofnaphic loluim Tins corielation nas 
gteatlj magnified in eats and dogs anesthctired and rcoenmg cndotiachcal 
aitificial rcspiiation In these animals if the inspnalon phase nas purposelj 
prolonged, a dccicase in the pletlnsmagiaphie loIuniL of the pa« isas noted 
and the lespnatoi.i iiaies disappc.iitd llouoicr, in the sustained phase of 
ospiration, the icsnlt Mas \aiialik m lliat iitlici \ asoconstnctioii oi slight oi 
marhed lasodihtion oceuiied (Fig 3) 



ris- 3— ricthjsmosraphli: records IP) or the hind pan of doss receiving endotracheal 
artificial respiration III) The upper record shows vasoconstriction during sustained Insplra 
tlon l/n) Slight vasodilation is seen during expiration [Ex) In the lower record marked 
vasodilation Is noted during the expiratory phase fex) 


a Mechanical ractoi —The impoitancc of the mechanical factor lesponsifale 
for the appearance of the Mates of respiration ttas letealed in the following 
experiments The glass plethjsmogiaph was attached to the right or left hind 
paw of 5 eats and 9 dogs and imdei nembutal anesthesia, the corresponding 
femoral nerve and femoral and iliac xessels were exposed This surgical pio 
eedure resulted m a tiansient leflex increase in heart rate, a tasoconstnetion 
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of the vessels of the paw followed by a vasodilation. The changes in the 
amplitude of the respiratory waves were secondary to the degree of vaso- 
constriction noted. 

No change -ivas noted in character of the respiratory waves, except a slight 
increase in magnitude due to the vasodilation in tlie paw, after temporary and 
light clamping of the femoral or common iliac veins. When the femoral artery 



Fig. -1. — Pletliysmographic records (jP) of the hind paw of a dog receiving endotracheal 
respiration (AS). Upper record: marked vasodilation upon temporary clamping (a-®’) of the 
femoral vein with increase In amplitude of respiraton* waves. Lower record; no respiratory 
waves during the sviclden decrease in blood volume produced hy temporary clamping \y-V ) pt 
the femoral artery. Return of the waves of respiration to normal height can be noted in both 
lecords upon release of clamps. 

was occluded tvith fingere, of course, the pnise disappeared along tvith the re- 
spiratory waves despite the intact innervation (Fig. 4). In 3 of the dogs, 
the vessels were painted with 70 per cent alcohol solution and in 3 others the 
connective tissue coat for 3 to 4 cm. tvas stripped in order to eliminate the 
influence of the sympathetic fibers. No change was noted as compared to the 
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above lesults -nlicu the diflcicnl \LS')Llh wuc d.imiied It would bcun, tlicie 
fore, that the appearance of the waves of lespiiation was due to mechanical 
causes rather than to a nervous influence 

In another senes of 5 dogs, ])lpthvsino"iaphie records wore taUeir of the 
hind paw after the leg was severed from the hodv at the inguinal region, e\ 
eept for the fcnioial aitei.v and vein Tempoiaiv clamping of the vein again 




Fig 6 — a 1 
aruflclal respiratlc 
ends of the femor 
Note the decrease 
Increase In blood 


ing of hind pan of a dog under endotracheal 
•a as Inserted betvreen proximal and distal cut 
severed from the body except for the vessels 
rj tvaves c Absence of respiratorj waves and 
porarj cessation of respiration (s s') 


(ild not influence the appearance of the respiratory -waves, -while occlusion of 
the artery did To nile out all possible nertous impulses coming from the 
bodj, a glass cannula ^^as inseitcd between the proximal and distal cut ends 
of the femoral artery in these dogs The magnitude of the respiratory waves 
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was diminished about 33 per cent, but the waves were nevertheless clearly 
evident (Pig. 5a, b). This decrease in size may have been due (1) to removal 
of the nervous factor, or (2) to clot formation in the cannula wth resultant 
diminished blood flow to the paw. The respiratory waves in these cannulated 
preparations were magnified by increased thoracic excursions and promptly 
disappeared when the aitery was pinched off, or when the tracheal artificial 
respiration was temporarily stopped (Pig. 5c). In 3 of tliese animals receiving 
artificial respiration, the diaphragm was resected and the abdomen closed. 
Such a procedure did not eliminate the appearance of the respiratory waves. 
However, when the chest and abdomen were subsequently opened, the respiratory 
waves immediately disappeared despite the fact that the heart was beating 
and the lungs were expanding under artificial respiration. The remaining 2 
dogs were sacrificed by an iuHavenous injection of pentobarbital, and the 
artificial respiration was continued after the cessation of the heart beat. 



Fij. 6. — Plethysmosraphlc record of hind paw of a recently dead and pulseless dog still receiv- 
Ins artificial respiration. Waves synchronous with respiration are still present. 

Plethysmographic records of the paw in tliese recently dead and pulseless dogs 
still receiving artificial respiration revealed the presence of respiratory waves, 
although to a markedly diminished extent (Fig. 6). 

It was concluded, therefore, that the appearance of superimposed waves 
of respiration in plethysmographic records of the paw are primarily caused 
by the mechanical factor due to the movement of the thoracic cage upon the 
blood flow. The magnitude of these waves appears dependent upon the degree 
of arterial relaxation in the paw. 

b. Nervous Factor . — Because of the possibility of a nervous influence in the 
decrease of the amplitude of the respiratory waves in the cannula experiments, 
referred to above, it was considered advisable to investigate this factor more 
thorouglily. Accordingly, plethysmographic records of the hind paw of S 
additional dogs were studied in the following experiments. Under nembutal 
anesthesia, the femoral and iliac vessels and nerves were exposed, and the nerves 
cut. No effect was noted on the waves of respiration. In 4 of these animals, a 
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transeotion of the spinal coid at the twelfth thoiacic and first lumbai region 
was porfoi-mcd Similar]}, the respnatoi} wares remained unchanged 

Mild to moderate faiadio stimulation was applied to the ccntial and 
pcripheial cut ends of the femoial and sciatic iiciics and tlio peiipheial legion 
of the transected cord In all instances the magnitude of these wares was 
dependent upon piimai} iefle\ changes in the sire of the ressels Thus, rntli 
each rasoeonstiiction in the paw the wares deeieascd in size, and coniersel}, 
upon r asodilation thcr incicascd In no case weic tlicr absent IVlien endo 
tracheal artificial lespiiation was tempoiaiil} stopped, faiadic stimulation to 
the cut nerres or spinal coid did not cause the rrarcs to icappear Thus, it may 
be concluded that the somatic oi spinal ncires c\cit no influence on the ap 
pcaiancc of the wares of rcspiiation 

In 3 of the 4 dogs with a coid tianseetion and section of the femoral and 
sciatic nerres, a model ate faiadic stimnlus rras applied to the e\poscd femoral 
artery for the piiiposc of stimulating the srmpathctic nerres The wares of 
respiration detected in the aiteiiolai bed of the piw did not disappear, although 
then magnitude was dcci cased due to the slight rasoeonstiiction produced 
Thus, the S}mpathetic iinioiratioii is not piinniiil} coiiccincd with the appeal 
anco of the respirator} w ar cs 


niscussioN 

The influence of tlioiacio morements on blood picssiiio is well loiown and 
can bo readil} noted in teeoidiiig the piossiire of aortic, caiotid, and femoial 
arteries and in plethrsmogiaphic studies of tlie spleen and kidney In regions 
wIiGie aiteriolcs picdominatc, such as the digits of man and the paw of animals 
little attention has been paid to wares s}nchionoiis with respnation These 
wares hare been detected rritli the use of the photoelectric recorder ni the 
peripheial portion of the rascnlai tiee Oui lesiilts indicate that the} aic 
mechanical in oiigiii duo to the increased picssuie eserted on the thoiaeic 
and abdominal aiteiial blood b} icspiiatoi} morements The use of the 
sensitire photoelectric rccoidci has enabled us to detect such minute increases 
in picssiue of the blood in tlie aiteriolaz bed of the paw That they ma} be 
due to changes in caidiac output has not been entirelr ruled out Tlieir piompt 
disappearance when aitificial lespintion is tcinpoiariiy stopped or when the 
chest 01 abdomen is opened ma} depend in pai t upon doei eased cardiac filbng 

Our data also show that no diiect iicirons factor is inrolred in the trans 
mission of the lespiratoi} pulsations Howcrei, upon inspiiation there is a 
peripheral r asoconstriction which accoiding to Goetz® and Bolton, Carmichael, 
and Sturup,“ is of lefles: oiigm These rasomofor impulses to the arterioles of 
the paw secondarily influence the magnitude of the respnatoi} rrares Thus 
with r asoconstriction, the waves of lespiration dceiease in amplitude Es 
traneons factois, such as movement of the animal oi vibiatioiis of the animal 
board, liare been nilcd out hr the use of long lubhci tubing connecting the 
plethrsmogiaph and the photoelocti ic lecoidei placed on diffeient tables 

This investigation does not confirm the suggestion made by Johnson* that 
the appearance of wares of lespiiation m pleth}smographie studies of arteriolar 
regions is due to vasomotor action or to body morements of the animal 
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Since the magnitude of the waves of respiration depends upon the patency 
of the arteriolar bed of the vascular system, their detection may he of clinical 
value. Thus, by determining the amplitude of the respiratory waves in re- 
sponse to the use of suitable vasomotor stimuli, one can differentiate between 
mechanical and nervous factors in the etiolog5’’ of peripheral vascular disease. 
Such a procedure could be of prognostic as well as of diagnostic importance. 
Further, the relative stability of the vasomotor system and deviations from 
the noi’mal response to certain arbitrary stimuli maj'- be determined by noting 
the changes in the size and character of the respiratory waves in plethysmo- 
graphic studies of digits. 

The use of our plethysmograph and photoelectric recorder, aside from the 
detection of the waves of respiration, has served to record pulse rate and volume 
changes in digits. This procedure can be utilized in the study of peripheral 
vascular responses to vasomotor drugs, anesthetics, and to varying degrees of 
surgical trauma. The apparatus possibly may be used to show pressure and 
volume changes in arteries, uteri, or intestinal loops. 

SUMMARY 

A sensitive photoelectric recorder was calibrated and used in plethysmo- 
graphie studies of digits of man and of the paw of animals. The apparatus 
was easy to manipulate and afforded one a direct record without recourse to 
photographic procedures. In addition to pulse rale and volume clianges, waves 
synchronous with respiration were recorded. These waves were foimd to be 
mechanical in origin and essentially due to increased pressure with each respira- 
tion of the thoracic and abdominal blood, a pressure transmitted to the paw. 
Neiwous factors have been ruled out. The magnitude of the respiratory waves, 
however, depends upon the degree of arteriolar relaxation. It is suggested 
that the appearance and character of these waves may be of importance in 
the study of peripheral vascular phenomena in man. 
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iN'KUTKOPr.NIA I''OLLO'\Vh\G SULKAMI.A'MIDE' 


lil PORT Ot \ C \bl 

Herbuit V,' JoNpb, Jf D , \M> C Pnniii JIhllh MD C'liitAoo, IiL 


FT WAS to be e\peete(I tbnt the tiiiiojit mtioaM m tlio use oi sutfaiiilamicie 
■F -noulci gue use to oocnsional instaiiets ot t<i\uit\ Ilic omiiieuec of fcsei 
and skm xablics as to\ie manifestations lias been noted' and tliiee cases ot 
acute licmolitic anemia have been iipoiled b\ lianei and Jaiicnas,' anotliei 
b} Kobn,® and one case of seieie and tno ot model ate anemia b\ Jejinings 
and Soutlniell Sandei ' In addition to these si\ nistaiues of iiialigiiant non 
tropenia bate been leeoided in tins eoinitii and England Ojdj one ot tlie 
four rccoi ered 

UTCRATLRE 

The first repoit of agtanuloct losis attiibntablo to snlfanilanude is bj 
PJumer' A troinan of 54, sufiformg fiom subatiik ondocaiditis (sticptoeoccus 
tindaus) of about fite moiitbs’ duialion iias gnen 1 gin of sulfamlaimde a 
daj for four dajs, and 1 3 gin foi tliiiti one dajs, nben it iias discoiituiued 
because of nausea and tomiting Three dajs tlieiesttei fbo tibite count bad 
faliea to 400, intli no neutiopbiles, it lose the nett dat to 1,600, hut et-ten 
Site gangrenous infection of the mouth and pliaijiis bad aheady deteloped 
and death oooutred on that dat 

young" teports agiaiiuloct tosis tilth fatal ontionie m a man of 53 jears, 
suffering fioin acute ibeumatism, tibo had taken 3 gm of sulfaiiilainide for 
eighteen da)s Skm lashes (not desciihed) aic mentioned as occuiiing on 
foui dajs, the first of iiliich antedated the beginning of sulfanilamide ad 
ministration Model’s’’ case iras a man of 20 safteiiiig from a lecnrrencc of 
rheumatic fetei Thiee grams ot sulfanilamide iieie gitcn for eighteen 
dajs and then discontinued Tiro dajs latei the leucocjte eoimt was found 
to he 600 In spite of blood tiansfusion and pentnucleotide, death occurred 
the follotimg daj Jeunmgs and Soutlniell Saiidei* obseited agianuloeytosis 
tn a 39 jeai old ttoman ttlio suffered fioni uleeratite colitis Sulfanilamide, 
4 5 gm per daj , had been given for three weeks and discontinued because hei 
symptoms had disappeaicd Too dajs later etidence of agianulocj tosis be 
gan and increased iii seventj foi foni dajs, tiheii tiie total white blood count 
was less than 400, none of which tieie poll moiphonucleai cells The adminis 
tration of pentnucleotide lias folloiied immediately bt a rapid rise in the 
poljTnorpliouuelear count and geneial improvement and lecoieij 
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Quite recently two additional eases have been added. The patient of 
Schwartz, Garvin, and Koletskj’® w'as a man of 32, treated for a penile ulcer 
with sulfanilamide over a period of twenty-one days, during which time he 
took a total of 56.6 gm. The typical symptoms of agranuloc 3 ''tosis developed 
and resulted in death. Berg and Holtzman'* report a fatal attack of agranulo- 
cj'tosis in a man of 22 years, who took 38 gm. of sulfanilamide in eleven days 
for acute gonorrhea. 

The gravity of neutropenia as a toxic manifestation of a drug so widely 
used as sulfanilamide prompts the present authors to add another ease report 
to the literature, for it is only by the gradual accumulation of such data that 
the administration of this valuable drug can be safeguarded. 

CASE REPORT 

The patient, N, a native-born rvliitc man, 20 years old, an unemployed salesman, tvas 
admitted to the University of Chicago Clinics, November 5, 19."7, suffering from acute gono- 
coccic anterior urethritis (his first attack), which had begun the day before, five days after 

LeucocYfe count 



exposure. He was treated in the Urological Out-Patient Department, where 0.6 gm. sulfanil- 
amide was ordered to be taken four times a day. At subsequent visits on November S and 
11 his discharge was found to contain gonococci, and sulfanilamide therapy was continued. 
On November 15 he reported that lie had been having headache, backache, and fever for 
three days, during which period he had taken very little food or fluid. His urethral dis- 
charge had ceased. The urine was clear, containing only an occasional shred and occasional 
white blood cell. His temperature was 104.4° P. 

He was transferred to the medical service and admitted to the Albert Merritt Billings 
Hospital. Cliief complaints were headache, backache, and pains in his legs, especially the 
knees. Positive findings on physical examination were temperature, 104.2° P., dryness of the 
tongue and skin, distinct odor of acetone in the breath (although none could be demonstrated 
in the urine), moderate injection of the pharynx, and a soft blowing systolic murmur heard 
over the third interspace, just to the left of the sternum. 

The temperature curve and leucocyte counts are given in the accompanying chart as 
well as the sulfanilamide content of the blood as determined by Marshall's method.!" Blood 
cultures made on each of the first three days remained sterile, and cultures of the nose, 
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tliroat, jinil sfcioN <lo%olu|H’tl only tin* iustoiii<ir\ iiiliiiliitnnts of tlic upper rc^pimtory ancl 
iiitostinnl tracts. Uriiinhs<"J wore iniiformU iu*"atnc, c*\<opt foj leucocytes and occasional 
red cell*-. Blood Wa=s?rnianri and Kalm wore m*;jali\e 

As certain of tlic tOMC ra**lies (lese)ilH*d> «-epiiied to Imm* l»een broii^jlit out 1)\ sunliglit, 
one treitincnt aitli ulfraAiolet Iiplit u.is gi\en otcr file left arm Oril} a mild erj flieina 
le^ulted. 
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The patient’s syniptonis subsided with his fcu*r, and the heart sounds became clear, 
hut on the fourth day the uretliial <li*tcliar{;o returned and contained numerous gonococci. 
Siilfanllamido therapy was cautiously re-umed, beginning with 0.9 gm and increasing by 
that amount each day until a daily do^c of 3 0 gm was reached. IIis temperature roac 
again, and on the ‘•econd day of maMinum dosage the patient complained of mild dull heal- 
ache, chilliness, general niaIai«o, and the feeling “that he was coming down with a cold.” 
The drug was diacoutmuod and Uis fever and ‘lyroptonis disappeared. During this period his 
leucocyte count remained normal. 

The urethral discharge, which Iiad lessened under full doses of sulfanilamide, once more 
increased, and on the liftcontli day 2.7 gm. of the drug were administered. The next morning 
the urethral discharge, which had been cNamincd daily, was found to contain few* healthy 
looting polymorphonuclear colls, and the blood count showed only -1,100 leucocytes, of which 
25 per cent were polymorphonuclears Later that day the patient complained again of head- 
ache and chilliness, general malai«c, and the feeling “that he was coming down with a cold.” 
On the following day the leucocyte count was 2,300, neutrophiles only 5 per cent. Yellow 
bone marrow concentrated,* SO drops a day", was given and continued for si\ days. The 
leucocyte count began to rise the nc\t day (the eighteenth), and continued to do so His 
symptoms improved and disappeared entirely on the nineteenth day'. By' the twentieth day 
the urethral discharge, which had been scant and serous since the sixteenth day, became more 
profuse and purulent. At no time were gonococci absent. The patient was discharged from 
the hospital December IS, 3937, and transferred back to the Urological Clinic for ambulatory 
treatment of Ins urethritis, from which lie had not yet recovered. 

COMMENT 

Altliougli some doubt was entertained at the time of this patient’s admis- 
sion to the hospital that lie was sufferiii" from a febrile reaction to sulfanil- 
amide, subsequent events seem to have established this diagnosis with cer- 
tainty. The sulfanilamide determination on the blood drawn the first day 
was iinreliahle, so its content at the height of his symptoms is unknown. But 
by the third day, when his blood showed only a trace of sulfanilamide, the 
patient was symptom free; and after the drug had been increased again to its 
former dosage, the fever and some of his .symptoms once more rotumecl. 

•Supplied by Armour and Comping, Chicnpro 
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During this second period of intoxication, when he Avas suffering from 
mild headache, general malaise, and the feeling “that he was coming donm 
Avith a cold,” the concentration of sulfanilamide (free pins “eomhined”) in 
the blood AAms only 5.6 mg. per cent, less than one might expect from the dose 
he had taken, probabl3' because of the high level at Avhich fluid intake and 
output Avas maintained. iMar.shall and his eo-Avorkers’^^ liaA’e emphasized the 
rapiditj' of sulfanilamide excretion bj' the kidneys. 

The same sj'inptoms recurred for the third time Avhen the blood contained 
onlj”' 2.8 mg. per cent of sulfanilamide, and this time Avere accompanied by 
scA-ere neutropenia. It seems highlA' jirobable, therefore, that this patient Avas 
becoming inereasinglj' susceptible to the drug. 

It must be borne in mind that this patient had taken 2.4 gm. of sulfanil- 
amide a daA’ for ten days before his admission to the hospital. In this con- 
nection it Avill be recalled that in the reported cases of agranuloc.vtosis cited 
in this paper, the drug had been administered oA'er periods A'aiwing from 
elcAmn to thirtA^-fiAm daj's. 

One is led to the conclusion that A-ulnerabilikv to the toxic action of 
sulfanilamide developed about the beginning of the second Aveek of its ad- 
ministration and increased during the period of observation here reported. 
Accumulation of the ding in the bodj' seems to have been ruled out by the 
estimations of its concentration in the blood. Hagema.n and Blake,^ AAdio 
observed fever, sometimes accompanied bj’- skin rash on the tenth to twelfth 
daj'. were unsuccessful in their effort to proA'e it an allergic phenomenon. 


SUMMARY 

A patient who had taken sulfanilamide for eight days developed fever and 
generalized aching pains. Tavo attempts to resume therapy Avere folloAved by 
a return of sj^mptoms, the last time accompanied bj' severe neutropenia. De- 
termuiations of its concentration in the blood indicate increasing susceptibilitA* 
to the drug. 
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A NOTE ON THE DIAGNOSIS OP IIYPEKTENSIVE 
CARDIOVASCULAl? DISEASE WITHOUT IIYPJ:RTENSI0\^ 


EdW VUI) H SciIWAU, JI D , AND DoIPH L CUI U D (tMM'-TON, Tl\ 


T he middle aged uiidiopath ■\\lio jnesents inodeiatc to maiKed caidiac en 
laigeinent, an absence of significant \alMilai lesions, and noimal oi low 
blood piessurc, with or without signs of heait tailmc constitutes an iiitei 
csting diagnostic problem from an etiolngit mcw point Atcoiding to present 
daj cardiologic teaching, the diagnoses of “c hionic in\ ocaiditis’' and “chionic 
noinahular disease of the heait,** iisualh guen to cases ol this t^pe, aie no 
loiigei acceptable 

Coronaij arteij disease foiins the bacKgionnd foi this clinical sMidiome 
111 ceitain instances, although in these cardiac h\peitiophN ot gieat degree 
IS an unusual finding Othci iiuiting fnctois in a small numbei ot cases arc 
cliionic adhcsl^e mcdiastiiiopeiicaiditis, syphilitic eoionaiy ostial disease, and 
latent or masked hjpeithjroidism The laige majority of such cases, how 
e\er, as has been emphasized by 0*naie and Ins associates,' aie piobably in 
stances of hypeitensne caidio\asciilai disease in which the blood piessiue 
has fallen to a normal, oi in some cases a subnoimal, lc^el 

The ■\auability of the blood pressure in essential hypei tension is well 
known Ay maxi" repoited the finding of normal blood picssines in 5G pei cent 
of 76 cases of established essential hypertension, some of which evhibitcd 
widespiead 'lascular changes Such spontaneous lemissions in blood piessure 
are as a rule transitoiy aud of iclatx\ely shoit dmation With the nd\eut of 
heart failure of the congestne type m hypertensne cases maiked lednctions 
in blood pressure to normal oi subnoimal lc\cls aie not uncommonly en 
countered and are frequently pcisistent In some instances, with the restora 
tion of cardiac compensation, the blood pressuie rctiuns to its prcMoiis high 
IcAel In establishing an etiologic diagnosis in these cases of hypertensive 
cardio\ascuIar disease without hypertension seen toi the fust time, OTIare^ 
has emphasized the importance of an antecedent liistoiy of hypertension, and 
the piesence of retinal arteriosclerosis The foimei, howc-vei, while of great 
importance, is frequently lacking Additional confiimatoiy findings would 
appear to be the presence of a diftuse fibious type ot peiipheial aiteriosclerosis, 
arteriolar sclerosis determined by muscle biopsy and, peihaps, eMdence of 
impairment of renal function 

The important contributions of limes and BiowiU concerning the blood 
pressure response to their standaid \asomotor stimulus, the cold pressoi test, 
ha\e re\ealed that 98 pei cent of patients witli essential liy pertension give 
abnormal maximal responses From tliese findings they conclude that patients 
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with essential hypertension possess hyperreactive vasomotor mechanism. These 
observers further referred to “a group of healthy subjects in the later decades 
of life who had hyperreactions and changes in the retinal arterioles which 
were indicative of essential hjqiertension, but who had normal or subnormal 
levels of (resting) blood pressure.” It occurred to us that in suspected hyper- 
tensive eardiopaths presenting normal or low blood pressures, such hypersen- 
sitivitj’^ of the vasomotor apparatus to stimulation might perhaps he retained, 
even though the “resting” blood pressures were no longer elevated. If so, 
the procuring of a maximal, or “hypertensive type” of response to the stand- 
ard stimulus of such a ease would furnish important confirmatory evidence 
toward establishing an accurate etiologie diagnosis During the 2 iroseeution 
of our studies on the cold pressor test we have made certain observations which 
tend to show that in the majority of instances such appears to be the case. 



Chart 1 — Blood piessuie response to the cold prcssoi test in five subjects with hypertensive 
cardiovascular disease with no»’mal blood pressures An excessive or “hypertensive" type of 
response was obtained in each instance The squares represent readings taken during the 
application of the stimulus. 

Seven subjects with known hypertensive cardiovascular disease were en- 
countered in whom the blood pressures had fallen to normal or subnormal 
IcAmls. These patients had been under observation for from two to ten years, 
during which time there had been iiereistent and marked elevation of both 
the sj'stolic and diastolic pressures. In addition, all showed cardiac enlarge- 
ment as well as retinal and peripheral arteriosclerosis. All were males, their 
ages ranging from 35 to 55 years. The apparent cause of the blood pressure 
reduction, in five eases, was congestive heart failure; in one case, coronary 
arteiy closure with cardiac infarction; and in the other case, a streptococcus 
throat infection. 

We subjected all seven of these patients to the cold pressor test. The 
vasomotor stimulus emplojmd was that of Hines and Brown,® with certain 
minor modifications.'* Blood pressure readings were taken at intervals of 
thirty, ninety, and one hundred and lifts'^ seconds during the period of stimulus 
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(cold) tiiiiilicalioii, instead id tlif tuo ipailiiiKs at (liiitj and siitj seconds 
as in tlic oiiginal method 

Fno of the seieii subjects gacc n decided ina\inial or “hj pel tensive 
tjjie” lesponse, accoiding to oiu enleiia (Clinit 1) Of the lemaming two, 
one gase an esseiitialh iioiiiial lespnnse, and the othei a hoidorlme type of 
reaction In the latfei instance it iias felt that a piiniaij nephritis might 
possiblj hnsc been the ctiologie fiictoi of the Inpeipiesia 

From these lesnlts the conclusion seems justified that m many patients 
ivith lij pci fciisn c lic.iit disease in nlioni the blood piessure has fallen to a 
iiorina! or siibnoimal lc\el, the hjpeiiiiitabilits of the \asomotor apparatus 
IS retained and lasoinotoi stimulalioii mil esohe an esaggerated blood pres 
sme rise siinilai to that obsciied in the usual Inpeitensne subject with 
Ii} pel tension It Mould seem, theiefoie that the exhibition of such a response 
in a caidme patient of the txpe deseiibed Mould pioxidc a xalid reason foi 
belicxmg that a pie existing hi jiei tension uas the inipoitant etiologie factoi 
in the cardiac pafhologi piesented 

spxni VRx 

Seieii patients Mith established hjpericiisiic caidioiaseulni disease whoso 
blood piessute had fallen to iioinial oi siibnoimal leiels were subjected to 
the cold piessoi test and the blood piessuio lespoiise noted In five instances 
the tjpical h 3 portcusno tjpe of response uas obtained This fact suggests 
that the application of such a pioccduu to patients of this tjpo would mate 
iinllj aid in the clarification of the etiologic cardiac diagnosis 
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ON THE NATUEE OP THE ANTIPERNICIOUS ANEMIA PRINCIPLE IV* 


Search for Nitrogenous Bases Isolation of Choline 


Henry R. Jacobs, M.D., Chicago, III. 


' I 'HE response of a patient with peniicious anemia to a mixture of potato 
* juice and tyrosine was described in an earlier paper.^ The “I’ed sub- 
stance” of Eaper was .suspected to be concerned with the beneficial effect 
observed. Further clinical tests with (1) dihydroxypbenylalanine, (2) diliy- 
droxyplienylalanine oxidized with pei’oxide and traces of iron salts, and (3) 
dihydroxjTihenylalanine oxidized by oxj'gen in alkaline solution have shown, 
through uniformly negative results, that this idea was probably erroneous. 

Because, however, a reticulocyte response had been observed after giving 
potato juice and tyrosine, it seemed justifiable to examine potent preparations 
for the presence of some of the simpler nitrogenous bases known to occur in 
potatoes and other plants.- The gi'oup of bases including choline and the 
betaines (betaine, trigonelline, stachydi’ine, etc.) was selected for study be- 
cause they, like the active principle in liver extract, form precipitates with 
pho-sphotungstic acid.® 

A preliminary test of liver extract with potassium periodide (Stanek) and 
with potassium bismuth iodide (Kraut) established the presence of much ma- 
terial precipitable with these reagents. If liver extract is first treated with 
lead acetate and the excess of lead I'emoved, these “alkaloidal reagents” often 
yield crystalline precipitates. Although these precipitates are formed readily, 
they are not in themselves suitable for the positive identification of specific 
substances. Therefore, tlie following adaptation of customar}' procedures was 
undertaken. 

jiethod 

One hundred grams of liver exti-act (Lilly, for oral use) was dissolved 
in 1 liter of water. Lead acetate in excess of that needed for complete pre- 
cipitation was added, and the precipitate filtered off and discarded. The 
filtrate was treated with hydrogen sulfide to remove the excess of lead. The 
lead sulfide was washed once by shaking up with 1 liter of water and filtering. 
The combined filtrates were evaporated under reduced pressure to a volume 
of 1 liter. Then for each 100 c.c. of liquid, 17.5 c.c. of concentrated hydro- 
chloric acid (sp, gr. 1.180) was added, and the mixture autoclaved for one 
to one and one-half hours at 60 pounds pressure. (This treatment destroys 
possible interfering substances.^- '’) After the liquid has cooled somewhat it 
was filtered and then cleared by boiling repeatedly with animal charcoal and 
filtering. (The animal charcoal is first thoroughlj^ extracted with boiling 
water.) The clear, almost colorless liquid was evaporated to a thick syrup 
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uuder reduced pressure. TJie S 3 'rup was repeatedly extracted with hot 95 per 
ceut alcohol, Iea%’ing a residue of inorganic matter. The hot alcoholic extracts 
were filtered through a hot water funnel and then treated with an excess of 
mereuric chloride in alcoholic solution. A voluminous white precipitate formed 
at once and was filtered off after standing tweiitj'-four hours. It was washed 
with a little alcoholic bichloride solution, then suspended in 2 liters of hot 
water and treated with hj-drogen sulfide to saturation. The mercuric sulfide 
was filtered off and washed with water. The combined Citrates were evapo- 
rated to a syrup imdcr reduced pressure and again extracted with hot 95 per 
cent alcohol. The alcoholic solution was evaporated to a thick, light amber 
gum. The gum was taken up in a little water, in which it is very soluble, and 
treated witii an equal volume of coneciitrafed hydroehiorie acid. This mix- 
ture was poured into a concentrated solution of gold chloride in 3 N hydro- 
chloric acid. A voluminous bright j-cllow precipitate formed at once. It was 
reerj-stallizcd from its mother liquor bj' warming, then filtered off, washed 
with a little water, and dried in the oven at 105“ C. After cooling in a desic- 
cator, it weighed 2.4 gm. and melted to a red liquid with the evolution of gas 
at 253“ C. with moderatelj' rapid heating. This gold salt was recrystallized 
four times from dilute hj'drochloric acid containing a little gold chloride. 
The melting point remained the same. This material was then analyzed for 
its elements. There were found: C 13.G0 per cent, H 3.07 per cent, N 3.02 
per cent, and An 44.39 per cent. These values correspond well with the 
formula: CjIfHNOCl.AuCla, the chloroauratc of choline, for which is cal- 
culated : C 13.54 per cent, H 3.10 per cent, N 3.16 per cent, and Au 44.47 per 
cent. Further reerystallizatious of the gold salt from water and from dilute 
hj'droclilorio acid did not change the melting point, if the same rate of heat- 
ing was observed in all tests. 

A sample of choline hj'drochloride (Pfaustiehl) was converted into its 
chloroauratc, which was then recrystallized twice from dilute hydrochloric 
acid containing a little gold chlorine. The manner of ciystal formation and 
the crj'stals were like those in the experiments with the material from liver. 

The mixed melting point determination was made as follows: A sample 
of the aurate from liver and a sample of the aurate from choline were dried 
in the oven and cooled in the desiccator at the same time. One capillary tube 
was used for each salt alone, and one for an intimate mixture of the two. 
All tubes were of the same size and thickness and filled to the same depth and 
degree of packing. All three were then attached to the same thermometer 
and heated in the same bath together. The behavior was identical for aU 
three: with slow heating, softening and reddening began at 248“ C., and 
melting was complete at 250 “ C. All formed red liquids with the evolution 
of gas.** 

COMMfffilT 

Although the presence of eholine in liver was demonstrated many years 
ago,*^ it was surprising to find it representing the nitrogenous bases in liver 

•These precautions are necessary because the melting point oJ choline chloroaurate has 
been given at anywhere from 238* to 25$* C. It seems to vary with the mode of preparation 
of the salt, the thickness and packing In the tubes, and the rate of heating, etc. 
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extracts wMeli ai'c prepared by metliods that should have separated it because 
of its solubility in both vrater and alcohol. The rather remote possibility of an 
effect on pernicious anemia is being investigated. 

SUMMARY 

A study of liver extract for its content of .nitrogenous bases showed the 
presence of at least 1 per cent of choline. 
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STUDIES ON THE MECHANISM OP LEUCOCYTOSIS 


Anderson Netteeship, Nashviele, Tenn.* 


T HESE experiments were designed to test two of the possible causes of 
leueocjdosis : withdrawal of leucocytes from the blood stream or the pres- 
ence of an irritant in the blood. The first of these was tested by the with- 
di’awal of leucocytes by hemorrhage and by their withdrawal into an abscess 
area. The second idea was attacked through the use of substances which can 
be readily followed in the tissue where they were injected and in the blood. 

EXPERIMENTS 

The usual blood tecbnicpies (lateral ear vein blood) were employed; 
cover slip smears were stained ivith Wright's stain, Chiuehilla rabbits with 
a normal blood picture were used throughout. Total and differential counts 
wei’e done for two days previous to as well as directly before any experi- 
mental procedure. Following the initiation of the experiment counts were 
done at two- to four-hour intervals for twenty-four hours, eight to twelve 
hours after. 

Withdrawal Experiments. — ^1. Ten animals comprised this group. After 
establishing their blood ejdologic picture as normal, quantities of blood ranging 

•Fellow in Medicine, the National Reseai-ch Gouncil. 
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fiom 4 to 14 c e \^eie rcino\ed bj ■\ciicpunctiire fioin tlie femoral %ein, care 
bomg cxeitised not to traumatize tissues No animal sllo^^ecl a leiicocytosis, 
e^en though ns mail} as 140 million leucocytes neie lcmo^ecl uith 14 c c of 
blood (the eoimt being 10 thousand) 

2 Jn wfiaminfition leucocytes aie uithchauii fiom the ciiciilatiou info 
the mflainmatoiy aiea In si\ animals abscesses neie produced by the mtra 
ciitnncons iniectioji of stieptococei White counts ueio then made at the 
iisinl intennls Aftei each count, the injected aiea fioin one animal was 
^elno^ed for sectioning Caution nas used in liaMiig tlie abscess sectioned 
as neaih as possible through its exact center Ihc leucocytes in such a sec 
tioii ueie (ouiited In stniting at one edge of the abst ess and piogiessijig in 
parallel fields The \olume of tlie tissue iii the section uas then determined 
Consideimg the abscess to be Icnticiilai in shape uliich is usually the ease, 
the total number of leucocytes in the whole abscess was fnul\ accmately 
determined Using this method, the total iiumhei of leucocy tes in the ah 
scesses was found to be 

Time After Streptococcus Injcctiou 
2 Iloiirs 24 Hours 

Leucocytes m nli^cc'^s O^SODO 32- nulhon 

Lciicoc\tosi«! jnemee per cent above norm it 30 150 

At twenty foui hoius the total circul itnig lcncoc\tcs [with a leiicoeytosis 
of 25 thousand (nyeiage foi this time) and an animal weighing 2,000 gm ] 
numbei some 5 billion It is difTicult to behe\e that 122 imUion leucocytes m 
an abscess could cause ovei 5 billion to appeal in tlic ciieulation, so that 
withdrawal, eithei by xeuepunctuie, which gnes no leiicocytosis, or into an 
abscess, cannot accoiuit foi leiicocytosis 

These expciiments point to the piesoiicc of some substance in the blood 
which brings about leucocy tosis 

Uxpciwicnis to Test foi the Picscncc of the Injected Substance — 1 Silver 
nitrate Fouiteen animals wcie used Foui contiol animals were injected 
mtiacutaiieoush with 25 cc of distilled watei , they lemamed noimal The 
othei animals weie injected with 25 cc of a 10 pci cent silvei nitrate solu 
tion Almost immediately edema and icddcning appealed at the injection 
Site This leaction piogicssed dining the fiist twenty foiu horns By the 
seventy second lioiu neciosis appealed in the centei Tins spiead and by the 
fourth day was as laige as 2 by 2 5 cm The blood picture of these animals 
changed lapidly They showed a leucopema within four to eight hours after 
injection In one animal the diop was from its noimal of 9,000 to 2,300 
Following piimaiy leucopema, which lasted twenty foui to foity eight houis, 
there y\as a niaiked leucocytosis Counts as high as 19,000 weie common 
This lasted fi\e to ten days The leucopema and leiicocytosis were due to 
sanations in polymoipUouuclear leucocytes Chait 1 shows a typical curve 

Silver deteiminations were done on the femoial vein blood, femoral bone 
mairow, sternal bone mariow, spleen, li\ei, lungs, and skin The tissue or 
blood w as obtained at tw o eight, fourteen, and thirty -six liours , four , sev en , 
and ume day inteivals The blood oi organ is ashed and treated with hydro 
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chloric acid. After digestion with zinc and filtering, the residue is treated 
with nitric acid. The addition of sodium chloride solution gives a positive 
test of abundant white precipitate (silver chloride) provided silver is present. 
This method is sensitive to one part in 800,000 (Benedict^). No positive tests 
were obtained on either the blood or any internal organ. Skin sections from 
the injected areas invariably showed large quantities of silver. 

2. Egg albumen. Twelve animals were used, three as controls which re- 
mained normal. Nine animals were injected with sterile crystalline egg al- 
bumen intraeutaneously, with 4.0 e.c. doses, at four-day intervals, five injec- 
tions being given to each animal. (The egg albumen was prepared freshly 
bj'^ the addition of ammonium sulfate and recrystallization. The salt was 
dialyzed off and the solution sterilized with a Berkefeld filter. Micro- 
Kjeldahl determinations for nitrogen placed the protein content at 4.5 per 
cent.) Following each of the sen.sitizing doses, a leucopenia set in within 



Chart 1. — This chart shows the leucocyte curve obtained after the intraoutaneous injec- 
tion of 2.5 C.C. of sterile silver nitrate. Note the primary leucopenia and the relatively late 
leucocytosis. This is a typical curve. 

two hours and lasted twelve hours. The lowest count so obtained was 3,800; 
this animal's normal was 9,400 just prior to injection. The leucopenia was 
less with each successive dose. The urine was analyzed for albumin during 
these injections and was found to be present in abundance. 

Following the last sensitizing dose, fourteen days were allowed to elapse. 
Into a new skin area, 2 c.c. of albumen were then injected. This injection 
caused a typical Arthus reaction. Eeddening and edema set in early, and 
necrosis appeared about the fourteenth hour. The necrosis spread up to the 
seventy-second hour. The leucocyte study during the production of the 
lesion is shown in Chart 2. A severe primary leucopenia (polymorphonuclear 
cell loss) set in within two hours, reaching its lowest by the sixth hour. 
In between twelve and twenty-four hours the cell count returned to normal, to 
increase to 200 per cent or more above normal by the seventy-second hour. 
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This leucocjtosis lasted thiee to fnc da^vs The highest count obtained was 
47,000 By the third da> theie was bone marrow hjperplasia The lencocj- 
tosis was caused bj' an incieasc in pol^moiphoiuKleai cells The data below 
show the a%erages, in thousands, for the animnls 


Directlj Before Injection 
101 

7 hr 10 hr 

45 47 


Injection 

24 hr 18 hr 

10 5 21 1 


Following Injection 
2 hr 4 hr 

50 25 

72 hr 96 hr 120 hr 

210 17 G 151 


After the iieciosnig injection, the mine of these animals was tested for 
albumin, none could be foiuid in the liighlj sensitized animals' uiiiie 

In summary, no siher nitiatc oi egg albumen could be detected in the 
blood dining leucoc^ tosis "WTlh these two substances pciipheial iieciosis is 
apparenth neccssar^ for the prodiicfioii of leucot^ tosis 



Chart 2 — ^Thls chart shows a t>plcal leucocyte curve obtained after Injection of the 
^jcrotlzlne dose of egg albumen The stippled areas at the bottom show the gross necrosis 
Wotlce that the first appearance of this is Just at the time the leucocytosls sets In 


DISCUSSION 

It IS a common clinical obseivation that postoperatn ely or following massive 
hemorrhage, a leucocj tosis occuis However, iii such obseiwations there are al 
ways factors other than the heinonliage itself to be considered, such as anes 
thesia, infection, tiauina Expeiimeiitallj, Dawson- produced leucocytosis bj 
massive hemoirhage, liowetei, he mtioduced othei factois With caution 
1^1: c e of blood w eie remo'vcd fiom a labbit without producing a leucocytosis, 
34id recently as much as 30 to 40 c c of blood lias been talvcn from a single 
animal without causing a leucocytosis (Boyd et al This is comparable to 
a massive hemorrhage in man 

As we have seen, even though 122 million leucocjtes go from the blood 
stream into an abscess in twenty four hours, the circulating leucocytes are 5 
billion This enoimous increase is all out of propoition to what would be 
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expected if leucocjdosis were produced by simple withdrawal. Even though 
the metliod is an approximation, the disproportion is still striking. In human 
beings, too, one is struck bj' the relatively small number of leucocytes, say in 
a furuncle, compared to the numbers such a lesion will call forth into the 
blood stream. 

These observations suggest that there is some substance in the blood 
stream which brings about leucoesdosis. The present experiments tested for 
the necrotizing substance itself (silver nitrate and egg albumen). None of 
either substance could be detected during leucocytosis. The criticism may 
be offered that small quantities of albumin maj’’ escape from the site of in- 
jection. In this regard Opie’* remarks, speaking of antigen (egg albumen), 
“The same substances introduced in the immune animal are fixed at the site 
of entry and are not found in the blood.” Even more against the idea that 
it is the albumin as such acting on the bone marrow to produce leucocytosis, 
is the fact that the leucocyte increase occurs parallel in time to the necrosis 
of periphei-ai tissue, and is in proportion to that necrosis. It may be that the 
inciting agents themselves do diffuse from their site of entry to cause leuco- 
cytosis. However, this could not be demonstrated with the agents used. The 
rapidity with which leucocytosis set in is rather against the idea. The pi-esent 
observations point to a correlation between the advance of necrosis and leuco- 
cytosis. 

CONCLUSIONS 

1. The withdrawal of leucocytes, either by venepuncture or into an abscess 
area, cannot account for leueocj'tosis. 

2. In acute experiments silver nitrate injected intracutaneously cannot 
be found in the blood or internal organs. It is recoverable in large amounts 
from the area of injection. 

3. Silver niti-ate injected intracutaneously causes necrosis accompanied 
by a primary leucopenia followed by marked polymorphonuclear leucocytosis. 

4. Egg albumen injected into non-sensitized animals diffuses from the 
injection site and causes a leucopenia. 

5. Injected into sensitized animals, egg albumen does not diffuse into the 
blood stream. Peidpheral necrosis occiu's with a concurrent Avell-defined 
leucocytosis. 
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ACHLORnYDlUA IN LEUCEMIA' 


Ohd 0 JIe\er, JI D , Madison, Wis 


TN 1932 StiaiuleJI and Toif'eisinnd' tppoited a stiiob of 22 cases of leucemia 
* ill iiliieh tliej found jjasftic achloiJodna to be of fiequent occunence 
Particiilail^ Mas tins tiuc in bm]>ho(.\tic Icucemm These authois reported 
finding' achloilijdiia in 7 of 14 cases of injeloul Icutcima and m 6 of 8 cases 
of hmphoicl leucennn, and thej Momlcied v.hcthei oi not achjlia Mas not 
responsible foi gastric complaints Mhieh aic so <ommon in leuceinia The 
average age foi the group Mitb injeloid leucemia and achloilij dria Mas slightlj 
loiingei, but the patients nitli hmplioid Icucemia and acliloiliidiia aieiaged 
iiioie than 10 jears oldei than (hose nitli fiee atid 

All ot the gastuc annlises m thou sciies Moie done aftei administration 
of ail Euald nic<il The stimulus to seeietion affoided hi the admimstiation 
of Instaininc Mas not utilized Bloomfield and Poliand~ emphasize that achlor 
hjdua cannot be accepted as defiiutelj existing unless repeated samphngs 
after histamine admimstiation pioie negatne foi free hjdrochloiic acid 
Since about the time the leport of Stiandell and Toigeisruud^ appeared, 
gastric analjsos haie been made on iicail} all of the cases of chronic leucemia 
admitted to the medical sen ice of the State of 'Wiseonsm General Hospital 
These cases, togcthci mUU the fcM m mIucIi gastuc nnahses had ineideutallj 
been made prcMous to 1933, ate included If fiec acid Mas not demonstrated 
bj a single aspuatiou aftei an Em aid meal, 1 mg of histnmme Mas admin- 
istered siibcutaneouslj to all eases 


KESULfS 

Chiomc Myeloid Lcuccmia — Gastuc analysis was done in 21 cases Of 
these Old} 3, oi 13 pei cent, of the cases that recened histamine, showed 
absolute aehlorhjdiia Se\eii othei cases shoned an absence of free aeid 
after Em aid meal, but in botli of the 2 cases of this gioup that later received 
histamme, fiee acid was found It is interesting that of the 3 cases with 
histamine aehlorhjdiia, 1 Mas a jouth of 36 The ages of the othei 2 patients 
Were 43 and 5G The a^clage age of the entire group of 21 patients was 44 
years 

Clitonxc Xi/Mip/ioid Lettcevita — Gastric analysis was done in 19 cases Of 
these 10, or 53 pci cent, had achloihjdna after histamine admimstiation 
Hour others had aehloihydiia after Bwald meal alone, but uhen histamine 
Was administered, 3 of these 4 demonstrated the ability to secrete lij drochloric 
acid Of the 10 truly achlorhjdnc subjects, 1 was 38 years old, but the re 
marnder ranged in age fiom 55 to 75 >ears The a\erage age of the gioup 
of 19 patients Mas just under 60 >ears 

•From tlie Department of Medicine Univeralty of Wlscon'-in Medical School 
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Aleucemic Leucemia . — Tlie diagnosis in this group was established in most 
instances by lymph node or bone marrow biopsy. There were 10 cases. Only 
3 patients had achlorhydria, and each of these had received histamine. The 
ages were 53, 55, and 62 years, respeetiveI 5 ^ The average age of the group 
of 10 patients was 51.5 years. 

Aaite Leucemia . — Only 5 eases were available in this group, 4 of lympho- 
blastic and 1 of ia 5 mloblastic leucemia, and consequently the figures can mean 
little. However, 2 of the cases, both lymphoblastic, showed achlorhydria after 
histamine. These patients were 49 and 64 years of age. 

COMMENTS 

Each of these series of cases is small, but they show, in some degree, the 
trend. Cognizance of the age periods for each group must be taken for as 
Bloomfield and PoUand- and Vanzant and others® have shown, achlorhydria 
is iucreasingly frequent with greater ages. This fact must be recognized, 
particularly in the group with chronic lymphoid leucemia, where the average 
age is 60 years. In this group there is a high incidence of achlorhydria, 53 
per cent. At this age period one would expect, in healthy individuals, an 
incidence of achlorhydria of approximately 25 per cent. Consequently, in 
these cases of chronic lymphoid leucemia, the frequency of achlorhydria 
appears to be significant. 

In the patients with myeloid leucemia, a jmunger group, an incidence of 
achlorhydria of 13 per cent is not significant for at the average age of 44 
years, this or a greater frequency might be anticipated in any group of indi- 
viduals. In one case, a jmuth of 16, persistent achlorhydria was found. The 
significance of this, however, was not demonstrated as post-mortem examina- 
tion was not permitted and, therefore, gastric disease was not excluded. The 
frequency of achlorhydria in the aleucemic leucemia group was 33 per cent. 
If the series comprised more than 10 cases, the results might be significant, 
but under existing circumstances, with an average age of 51.5 years, it cannot 
be so considered, and the suggestion is gained that the incidence of achlor- 
hydria is not unusual. The smallness of the group with acute leucemia like- 
wise pei'mits no significant deduction relative to the incidence of achlorhydria. 

It is noted that the incidence of achlorhj'dria in both myeloid and lym- 
phoid leucemia is distinctly less than reported by Straudell and Torgersruud.^ 
This can be explained by their failure to use histamine. Confirmation for this 
stand is offered by the several observations reported here where free acid 
appeared only after histamine administration. 

In several cases of all tj^pes repeated study of the gastric contents, months 
apart, was done, but in all instances the results were consistently positive or 
negative. for the respective eases. 

It was not possible to demonsti-ate any relationship between the level of 
the leucocytes or erythrocytes and achlorhydria. 

SUMMABY AND CONCLUSIONS 

Gastric analysis after histamine administration was done in patients with 
leucemia. The incidence of achlorhydria in the vaiuous types of leucemia was 
as follows ; Chronic myeloid leucemia 13 per cent, chronic lymphoid leucemia 



OARDONE-ilAZZARELLA ADSORPTION OP PHENOL BY PROTEIN 


137 


53 per cent, aleucemic Icuccmia 33 pci cent The average ages of tlie gioups 
was 44, 60, and 51 5 jcais in tlie older named Tno of 5 patients with acute 
leucemia had achloilijdiia 

The incidence of acliloilij diia is not significant in cliiomc myeloid leu- 
cenna nor, probabh , in aleucemic leucemia The frequency of achlorhydria 
in chronic Ijunphoid leucemia apparcntlj is significant e^en though this 
disease occurs in an oldci age gioup The explanation fox this finding in 
chronic Ijmphoid leucemia is not as jet nxailnblc 
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THE ADSORPTION OP PHENOL BY PROTEIN IN PREPARATION OP 
CERTAIN BIOLOGIC PRODUCTS* 


Eugene CAnooNE and Robert Mazzarelda, New York, N Y 


INTRODUCTION 

'^HC refining and concentiation of antiserums and antiplasmas invohe in 
general terms the piecipitatton of diffeicnt piotem fiactions by the ad- 
dition of salts, by suitable dilution uith axater at definite hjdiogen ion con 
centiations, and by othei methods In the piocessing of these mateiials in 
order, if possible, to maintain steiihtj, or at least to reduce bacterial growth 
to a minimum, presera atives aie gcneially added Results avill be presented 
which show that when phenol is used for this purpose, the piotein precipitates 
may carry down or adsorb consideiablc amounts of phenol This factoi must 
be considered befoie the addition of phenol to the final pioduct in order to 
avoid eveessue amounts of this prcsciaative 

EXPERIMENTAL aiETHODS 

Phenol EsUmahons ] — “The method of analysis consisted in the qnanti 
tative formation of tribrompheiiol bj' the addition of a biomide bi ornate solu- 
tion and titration of the excess biomine aaith thiosulphate aftei the addition 
of potassium iodide, hydiochloiie acid, and starch The method was used 
first by Koppeschaai,- studied fuither by a number of woxkeis, and a careful 
remvestigation was given m detail by Scott® several years ago 

•From the William Hallock Park Laboratory Bureau of Laboratories Department of 
Health New York 
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“In view of Scott’s extended study and detailed presentation of the 
method, it will not be repeated here. For the removal of protein, the well- 
known Polin-Wu precipitation was used. To 5 c.c. of the material, 35 c.c. of 
water (or saline) were added, then 5 c.c. of 10 per cent sodium tungstate 
solution and 5 c.c. of 0.67 N sulphuric acid. The mixture was shaken, allowed 
to stand at room temperature for thirty minutes, and filtered through paper. 
To 40 c.c. of the filtrate, 160 c.c. water were added, and the phenol estimation 
carried out. 

“Duplicate determinations as a rule agreed within 0.5 per cent of the 
amount of phenol found. Using the purest phenol obtainable, satisfactory 
recoveries, within 2 per cent, of the amount added, were obtained.” 

Refining and Concentrating Antiserums. — The precipitation of proteins in 
the refining of the antiserums as carried out in this Laboratory follows essen- 
tially the procedure described by Klein, Greenwald, and Palk,’^ with certain 
modifications to be described in detail in another connection. The following 
main points are to be considered in their bearing on the present problem. 
The designation of the successive steps follows the description given in the 
former paper. 

b. Dialysis of Serum. — A definite concentration of phenol was added to 
the original serum. A considerable pax’t of this phenol content was removed 
from the serum as a result of dialysis. At the conclusion of the dialysis, a 
certain amount of precipitate was pi'eseut. 

c. “Acid Protein” Preeiyitation. — The dialysate, after the addition of 
sodium chloride to N/20 and 0.3 per cent phenol, was brought to pH 5.1. The 
precipitate was removed by centrifuging. 

e. Precipitation of Antibacterial Substance. — The liquid was brought to 
the desired pH (as determined in pi-eliminaiy tests; either 5.9, 6.1, or 6.8), 
four volumes of distilled water containing 0.2 per cent phenol added. After 
standing overnight in the cold, the precipitate was removed by centrifuging. 

f. Solution of Antibacterial Substance. — The precipitate was dissolved in 
the requisite amount of solvent containing sodium chloride and phenol. 
Phenol estimations were carried out at the following stages: 

b. Original serum; serum after dialysis; centrifuged precipitate; super- 
natant. 

e. Centrifuged acid precipitate; supernatant. 

e. Centrifuged antibacterial precipitate; supernatant. 

f. Pinal product. 

The solid contents, dried at 110° C., of the precipitates in b, c, and e, were 
determined, and the amount of phenol adsorbed by the protein calculated. 
This calculation includes correcting for the supernatant liquid and its phenol, 
protein, and sodium chloride contents present in the moist centrifuged 
precipitates. 

When phenol was to be added directly to antibacterial preparations, it 
was mixed with ether in the proportion of three parts of the former to four 
parts of the latter. 

Experimental Results. — The phenol contents are given as weights per cent 
per 100 ml. of liquid or precipitate. For example, 0.3 per cent phenol signifies 
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0 3 gm phenol poi 100 ml of liquid oi pieupitate (volume of piecipitate as 
measuied m calibiated cciitiifugc tubes) 

The following topical c\pciimonts ate piescaited 

Experiment 1 Antipncumocoeeus (T\pe II) Pieparatioii 

Per cent Phenol 


Origin'll serum (1040 ml ) 0 202 

Mixture after dialysis (1140 ml ), after simpling (1020 ml ) centrifuged 0 094 
Supernatant (93S ml ) 0 092 

Precipitate moist (82 ml ) 0 120 

Precipitate dried (14 gm ) 0 250 

Sodium chloride and phenol (ajiprox 0 1 per cent) ndded to mixture 
Jlixture before ncid protom precipitntion (1010 m! ) 0 380 

Acid protein precipitation — pll 51 (\olume lo<»3 due to manipulationi) 

Supernatant (900 ml ) 0 378 

Precipitate acid protein moist (20 ml ) 0 488 

Precipitate acid protein dried (1 G gm ) 1 750 

Supernatant — pll 5 0—4 xohimos distilled nnter containing 0 2 per cent phenol 
Supernatant (4100 ml ) 0 240 

Precipitate — antibictonal protein moist (CS ml ) 0 344 

Precipitate— antibacterial protein dried (15 4 gm ) 9 007 


The antibacterial moist piccipitate after ccntiifnguig uas 68 ml in volume 
and 0 344 pei cent in plicnol content, containing, theicfoie, 0 234 gm of 
phenol The •Nolumc of the oiigmal scium uas 1,040 ml If the final \olume 
of the preparation ucre to be one si\tb of the initial \olume, or 173 ml , tbe 
moist piecipitatc would be diluted to that xolumc with salt solution of suit 
able concentration In oidei to obtain the propei phenol concentration, a 
calculated amount would be added If the final volume weie to be 173 ml as 
DUst indicated, and if 0 5 pei cent phenol conccntiation weio desued, 0 865 
gm would be added Actually tlien, because of the phenol present in the 
moist piecipitate, the phenol content would be 0 635 pei cent (instead of the 
desired 0 5 per cent) If 0 35 pei cent phenol concentration weie desired in 
the final pioduct, 0 606 gm would be added, but this would gixc a concen 
tiation of 0 486 per cent If the final xoliunc of the pieparatioii weie to be 
one twelfth of the initial lolume, oi 87 ml, the amount of phenol calculated 
to gi\e 0 5 pei cent would give an actual conccntiation of 0 769 pei cent, and 
the amount calculated for 0 35 per cent an actual concentration of 0 620 per 
cent 

Experiment 2 Antipneumococcus (Tjpe II) Preparation 

Dialyzed scrum after addition of 0 3 per cent phenol 
Supernatant of acid protein precipitate 
Acid protein precipitate moist 

Experiment 3 Antipneiimocoecus (T 3 pe VIII) Prepaiation 
Original serum 

Serum after dialj sis — contaming precipitate 
Supernatant of dialyzed serum 
Moist precipitate of dialyzed serum 
Mixture containing antibacterial precipitate pH 5 9 
Moist antibacterial precipitate 


Per cent Phenol 
0 298 
0 098 
0 088 
0 222 
0 233 
0 234 


Per cent Phenol 
0 346 
0 320 
0 432 
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Experiment 4. Antipnenmococeus (Type V) Preparation 

Per cent Phenol 

Serum after dialysis aad acid protein precipitation 0.368 

Antibacterial substance precipitated at pH 6.1 by addition of 4 volumes 
of distilled vrater containing 0.2 per cent phenol 
Supernatant of antibacterial precipitate 0.232 

Moist antibacterial precipitate 0.342 

Some results on tlie plienol contents of preparations before and after 
dialysis (in cellophane bags against running water for six days) are pre- 
sented in Table I. In every case phenol Avas present after dialysis in con- 
eenti'ations ranging from 0.032 to 0.118 per cent. 


Table I 


EXPERIMENT 

NO. 

material 

VOLUME JIL. 

PER CENT PHENOL 

INITIAL 

FINAL 

INITIAL 

FINAL 

1 

Antipneumococeus serum 

1,040 

1,140 

■nmni 


2 

Ahtipneumococcus serum 

■KUHlIf 


HiiETlI 


3 

Antipneumococcus serum 

19,500 


BnETlfl 

0.098 

4 

Antipneumocoecus serum 


23,000 

0.290 


5 

Antistreptococcus serum 

720 

770 

0.482 


G 

Refined antipneumocoecus preparation 



0.504 


7 

Pneumococcus antibacterial substance 


1,250 




containing 0.3 per cent phenol, pre- 






cipitated by 50 per cent saturation 






tvith ammonium sulfate .solution 






DISCUSSION 

It may be stated that the estimation of the phenol in the mixtures is 
accurate to 2 per cent of the amount present or better. The calculation of 
the coneenti-ations, hoivever, should be defined more clearly than is the case 
generally. In the analytical deteimiinations presented here, per cent phenol 
was given as grams per 100 e.c. of solution, mixture, or precipitate. On the 
other hand, Avhen added to serum in the routine procedures, the addition of 
phenol is calculated as per cent by volume; that is, nine parts of melted 
phenol ai-e diluted with one part of water, and this solution is considered 90 
per cent phenol by volume. If it is desired, for example, to have 1,000 c.c. of 
serum containing 0.2 per cent phenol by volume, it would be necessary to 
add 2.22 ml. of the 90 per cent phenol solution, Avhich ivould correspond to 
2.0 ml. phenol or 2.13 gm. 

The results shoiv clearly that phenol is carried down, or adsorbed, by 
precipitating protein to a concentration at least equal to, and generally con- 
siderably greater than, that present in the solution. 

It will hardlj' be necessary to discuss the experimental findings in detail. 
Antipnenmococeus preparations were mainly used in this study because they 
were available in considerable numbers at the time. There is every reason 
to believe that other antibody preparations, protein materials of different 
kinds, and even nonprotein material, such as aluminum hydroxide, when pre- 
cipitated from solutions containing phenol, would carry down appreciable 
quantities of phenol which must be reckoned with in the later manipulations. 
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The data foi I!\peiiiue:it 1 aic gncii in Iniiij complete foini It is evi 
deut that tlie piecipitate from dialjsis, the acid piotein precipitate, and the 
antibacterial protein piccipitate, caiij down phenol in concentrations greater 
than nould be c'cpected from its eonceiitration iii the solutions Calculations 
aio gneii to show the amounts of phenol present in the final piepaiations if 
the usual method, as indicated cailiei in this papei, of adding additional 
phenol IS followed Uspeiinicnts 2 3. and 4 show siimlai lesults in more 
condensed form 

In the dialjsis of the saiious piotein piepaiations, it is generallj as 
sumed that jiheiiol is lemoaed in the course of the dialjsis The data from 
Experiments 1 to 7 show that this is not ciitirelj collect Even after six dajs 
of dialjsis, considerable coiicentiations of phenol nin\ be retained, between 
0 032 and 0118 pci cent in the icsiilts giacn This is of importance iii con 
nection with the precipitation of antitoxin and antibacterial proteins bj am 
moiiiiim sulfate (oi othei ]uccipit.int) wheic, it phenol is piescnt, it would 
in all piohabilili he adsoihcd hj the precipitating ]iiotcin The phenol would 
not be remoied completeli lu the sitbseiiuenf dialjsis, and should be eonsid 
ered when adding pieseiiatiio to the desiied concentiatioii 

In view of the evpciiments desciibed iii this paper it mai be stated that 
the phenol content of iiiotem (and othei) materials eontainiiig phenol as 
presenatiie should be controlled dining then lefiumg and eonceiitration 
This IS especialh impoitaiit foi the antitoxin and antibaetoiial preparations 
intended for theiapeutie use 


SOMMARi 

The phenol contents of a niimbci of antibacteiml piepaiatioiis at lanoiis 
stages of refilling and eonceiitiation were detcimiiied It was found that eon 
sulerable coiicentiations of phenol weic earned down, oi adsorbed, bj the sepa 
rated proteins Special caie must, thciefoie be exercised in the addition of 
phenol to the final therapeutic piodiicts 
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EFFECT OF HEAT ON THE HEMOLYTIC AND SKIN-NECROTIZING 
FACTORS IN STAPHYLOCOCCUS TOXIN^ 


R. H. Rigdon, M.D., Nashville, Tenn. 


TV yr ANY observations bave been made on tbe effect of beat on stapbylococeus 
toxin; bowever, these usually bave been limited to determining vbetber 
or not a fraction of tbe toxin bas been destroyed at a specific temperature after 
a definite intemml. Systematic studies on tbe effect of beat on many of tbe 
bemolysins bave been made by Madsen and bis co-workers. Included in tbeir 
group are vibrolysin, tetanolysiu, streptolysin, and epeiralysin.^ 

Tbe present investigation was undertaken following the suggestion of Dr. 
Tborvald Madsen. Tbe methods used are essentially tbe same as those used 
by him in observing tbe effect of beat on hemolysins.- This studj'- shows tbe 
effect of beat on tbe bemolytie and skin-necrotizing factors in staphylococcus 
toxin. 

METHODS AND MATERIAL 

The stapbjdococcus toxin was supplied through tbe courtesy of Lederle 
Laboratories and was prepared as follows .- Cultures of Staphylococcal s aureus 
were inoculated on a semisolid agar under a mixture of 20 per cent carbon 
dioxide in oxygen for forty-eight hours at 37.5° C. Tbe medium contained 
1000 c.c. veal infusion, 2.0 per cent Difco proteose peptone, 0.5 per cent sodium 
cbloi’ide, 0.7 per cent sodium acetate, and 0.2 per cent agar. Tbe pll was ad- 
justed to 7.4. 

After incubation, tbe agar was sepai-ated from tbe liquid by filtration in 
tbe cold, and tbe filtrate was passed through a klandler filter to render it 
bacteria free. 

The toxin was preserved with mertbiolate in a final dilution of 1:10,000, 
and at the time of preparation bad tbe following potency: hemolytic titer 
1 :900, dermonecrotic titer 1 :800, and acute killing dose (intravenous) 0.05 c.c. 

Tbe water bath was tbermoelectrically controlled. Tbe temperature never 
varied more than 0.02 to 0.08° C. during any expenment. The temperature at 
which tbe toxin was heated is given in tbe experiment. 

Approximately’- 40 c.c. of the staphylococcus toxin was put into a pyrex 
glass cylinder. It was then placed in tbe water bath. A Beckmann thermom- 
eter and a pywex glass stirring rod were placed in tbe toxin through two boles 
in tbe stopper. An electric motor was used to stir tbe toxin at a constant speed. 
When tbe temperature of tbe toxin in tbe cylinder reached the temperature of 
tbe water bath, 2 c.c. were removed. At definite inteiwals, usually ten minutes, 
subsequent samples of toxin were taken. Some of tbe experiments ran as long 
as one hundred and fifty minutes. The samples of toxin were placed immedi- 
ately in an ice bath (-0° C.). The toxin froze after a short time. The tubes 

•From the Department of Pathology, Vanderbilt University Medical School, Nashville. 

Keceived for publication, March 24, 1938. 
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;\ere then placed iii the iccl)n\ (5° C), and u'.uallj l^cpt foi tncnt^ foui to 
seicntj tno horns hefoie tlic lieniotoMii titiations neie made 

Rabbit’s red cells neie used loi the indieatoi m the hcmoljtie test The 
cells neie -n ashed tlnee times m phisiolopric saline and suspended in a similar 
salt solution One cubic centinietti ot a 2 pet cent sttspctiston of these cells 
Mas added to each tube 

rviiir I 

Aitoi NT 01 STipiiNiocorcus Toms Ki(iss\r\ to Proaitr Tiir S\mf Deoref of Lysis at 
Ann op tiif Foitomino Tfmifpvtupfs and tiif ttrsmuAi Hfjiotomn 
E.YPP rsSFji IN Pit Cfnt 
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The tONin Mas titiated oiei a laiige vaijm" fiom 0 8 c c to 0 0001 c c It 
Mas diluted Mitli plijsiologic saline The Nolume in each tube Mas kept constant 
bj the addition of a 0 85 pel cent solution of sodium chloride The test tubes 
Nveie uniform in size and measuied 1 bj 10 cm The led cells Mere added to 
the dilution of toxin, and the tubes mcic kept at loom temperatiiie (27° to 
32° G ) overnight befoie the degree of Ijsis was lecoided 

'The amount of Ijsis Nvliich occurred lu this peiiod Mas deteimnied bj quan 
titative methods Usually three tubes which showed only a small amount of 
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hemoglobin were selected for the standards from the series heated for the short- 
est period at each of the different temperatures. The amount of hemoglobin 
in each tube in all the series of titrations heated at the same temperature was 
compared with these standards. The average of the amount of staphylococcus 



toxin in the three tubes was taken in each series which matched the stand- 
ards. This quantity of toxin was considered to be necessary to produce the 
same degree of lysis as that in the standard tubes for that particular tem- 
perature. 

The percentage of residual hemotoxin in any sample was determined by 
dividing the volume of toxin in the specific tube into the amount of toxin 
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necessary to produce the degree of Ij-sis whieli was eonsidered to represent 
100 per cent toxicity of the iinheated toxin. 

The amount of hemoglobin was determined by comparing directly the 
color in the different tubes. 

The effect of heat on the skin-necrotizing factor in staphylococcus toxin 
was determined by injecting intradcrmally into two rabbits 0.1 c.c. of the 
different samples of the toxin in which the amount of residual hcmotoxin was 
Icnown. 
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Chart 2.— Skin necrosis in the rabbit following the Jntradermal injection of staphylo- 
coccus toxin heated at the different temperatures for varying intervals of time compared with 
the residual hemotoxin. No necrosis occurred In the areas Indicated by X. 

r.XPERIMENTAIy 

Table I shows the amount of staphylococcus toxin heated at tempera- 
tures between 45° and 57° C. that is necessary to produce the same degree 
of lysis for any speeidc temperature. It also gives the amount of residual 
hemotoxin exiiressed in per cent. 

Chart 1 shows the results obtained when the residual hemotoxin is plotted 
against time in minutes. 

The areas of skin necrosis produced by the different samples of toxin are 
sliown in Chart 2. It can be seen from these data that the size of the neorotie 
areas are proportional to the amount of the residual hemotoxin. Only samples 
of toxin heated for different intervals at 53°, 54.03°, 55°, and 57° were used 
since only a limited number could be injected intradcrmally into a single 
animal. 

DISCUSSION 

The physicochemical views with regard to toxin and antitoxin advanced 
by Ehrlich,® Arrhenius and Madsen,^ and Bordet,'^ about the beginning of the 
twentieth century, have brought forth considerable discussion. Our knowl- 
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edge of stieli processes even at present is veiy limited. Little lias been con- 
tributed since 1900 as to the composition of toxins. Until more information 
is obtained with regard to these substances called toxins, it appears of little 
value to attempt to determine the type of reaction obtained when staphylo- 
coccus toxin is heated. 

The data given in Table I show that .staphylococcus toxin is thermolabile. 
Chart 1 shows that the rate of detoxification is influenced by the temperature 
and the length of time it is heated. The hemolysin is destroyed very rapidly 
during the first thirty minutes when the temperature is 53° C. or higher. 
The residual hemolysin at this time apparentlj’^ is more resistant to heat. Only 
a slight decrease occurs in the amount of hemotoxin when this same toxin is 
heated at 45° for one hundred and fifty minutes. 

The rate of detoxification of staphylococcus toxin by heat suggests that 
there may be two hemolytic agents present which vaiy in their thermolability. 

Schrek,® in studying heat inactivation of tetanolysin, found that the first 
99 per cent ivas inactivated at a constant rate and the last 1 per cent was 
inactivated slower. He suggested that the accumulation of the products of 
heat inactivation decreased the rate of the reaction. 

It is of interest to note that the skin-necrotizing factor in staphylococcus 
toxin is destroyed by heat. The rate at which it is detoxified runs essentially 
parallel with the rate at which the hemolysin is destroyed. The results of 
the effect of heat on the hemolysin and skin-necrotizing factors in staphylo- 
coccus toxin suggest that they may be the same substance. Apparently no 
one has been able to determine conclusively that thej’^ are the same or different 
substances. 

SUMMARY 

The hemolysin and the skin-necrotizing factor in staphjdococcus toxin are 
both detoxified by heat. The rate at which these fractions are destroyed is 
essentially parallel. It is suggested that they may be the same substance. 

The rate at which the hemotoxin is destroyed is influenced by the tem- 
perature and the length of time the toxin is heated. 

The rate of detoxification of staphylococcus toxin by heat suggests that 
there may be two hemolytic substances which vary in their thermolability. 

I ■wish to express my appreciation to Dr. Arthur C. Omberg, Physicist in the Roent- 
genological Department of Vanderbilt University, for his assistance in this study, and to the 
Department of Physiology and Pharmacology -which supplied the equipment for this experiment. 
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SBIULTANEOUS BILATEKAL SPONTANEOUS PNEUMOTHOBAX 


Eetort op a BccuRitcNT Case Due to Congemtal C\stic Luno Disease 


Dean B Cole, JI D , and Walter L Nalls, JI D 
Richmond V\ 


TN 1934 Oeclisli and jMiles lopoited a case of rccuiient simultaneous bilateial 
^ spontaneous pneumothoiax due to congemtal c\sts of the lung At the 
time of this report the> found reported in the Jiteiatuie a total of 77 cases of 
bilateial spontaneous pneumothorav, tuo of uhicli Mere due to cjstic lung 
disease Glicknian and ScbloinoMtz, m 1936 also re\iewed the literature on 
simultaneous bilateial pneumothorav and icportcd a total of 82 cases, three 
of uhich ueie due to congenital c\stic disease of the lungs We wish to add 
another case of this rare entlt^, the diagnosis of uhich was made before death 
and confirmed at autops^ 

A ^\luto malo student, ngod 17 jears, wis first seen in our office September 25, 1933, 
complaining of shortness of breath nnd fatigue Tho famih history and past history Mere not 
significant Ho had been m good Jicalth until the earl^ summer of 1933, when he first noticed 
that he tired oa^il) This fatigue beoarao progrc«sncly more noticeable, and lie soon dcTcIoped 
’e\ero 8hortnc««s of breath for uhtcli lie had been hospitalized \ raj examination at that time 
roTcaled a bilateral pneumothorax, nith complete coUapec of the right lung nnd the upper 
one third of the left lung S^mptomntlc relief had promptly followed the rcmoral of several 
hundred cubic centimeters of an from the right pleural ca\itj 

^Vlien seen b\ us physical examination rc\caled n rather thm Mhite male, vroighing 
114 pounds He Mas djspneic on ‘.light exertion, but there wis no evidence of cyanosis He 
had only a degree of fever, and his puUc rate was onij 9C His heart appeared entirely 
normal Me call attention to this because of later developments The lung findings were those 
of a pneumothorax over tho upper two thirds of the right lung Over the left lung there was 
some increase in the voice and breath sounds nnd a few scattered small moist rules Other 
Mise the physical examination was negative Laboratorj studies of the blood and urine were 
normal 

Pluoroscopic observation and roentgenograms of tho chest showed a rather uniform 
collapse of the upper portion of the right lung bj pneumothorax, about 60 per cent by volume 
There was scattered fibrosis in the uncollapsed portion of this lung, and a generalized fibrosis 
throughout tho left lung, with numerous small areas of lessened den'iity, giving the appear 
ance of honejeombing The absence of calcium was conspicuous The patient had a right 
Sided pneumothorax which, from the historj, was spontaneous and also bilateral The lesion 
in the lungs was so unusual that cjstic lung disease was considered the probable diagnosis 

In order to give the patient further study he was temporarily hept at bed rest and 
gradually returned to a relatively normal routine Because of irregularity of expansion and 
a tendency to localized ballooning of the lung tissues, small pneumothorax refills were given 
and the lung permitted to re expand graduallj over a period of several months During this 
time the patient was not permitted to return to scliool but otherwise participated in his usual 
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actmties. Study of lungs following complete re expansion showed an unusual type of fibrosis 
with honeycombing which we definitely diagnosed as congenital cystic lung disease. 

Tlie patient’s course continued uneventful for about a year when he noticed a return 
of symptoms. He reported to the office and was found to have a bilateral spontaneous pneumo 
thorax, with about 90 per cent collapse of the right lung and 30 per cent collapse of the left. 
Withdrawal of GOO c.o. of air from the right pleural cavity relieved symptoms of respiratory 
embarrassment, so patient was not hospitalized. The following night he became auddenlj 
worse. When seen at liis home soon tliereafter, he was found sitting in a chair gasping for 
his breath. One thousand cubic centimeters of air were removed from tlie right pleural 
cavity, which relieved his acute distress; tho patient was immediately taken to a hospital. 
On arrival at the hospital he was cyanotic and again gasping for air. Both pleural cavities 
were aspirated and a needle retained in the right pleural cavity and connected to a water 
bottle to permit constant aspiration on this side. Despite this, and repeated aspirations on 
the left side, djspnea and cyanosis again returned, and it was necessary to connect the left 
pleuial cavity with a water bottle for continuous aspiration. By continuing constant aspira- 



Fig. 1. Fig. 2. 


Fig. 1. — ^K. B. 9-25-33. Film maOe when first seen shows pneumothorax on right; gen- 
eralized fibrosis with multiple honej’combing throughout both lungs. 

Fig. 2. — R. B. 4-7-3i. Right lung almost completely re-expanded. 

tion of both pleural cavities the patient soon became comfortable and made an uneventful 
recovery. He was discharged from the hospital five weeks after admission, although neither 
lung had completely re-expanded. 

In January, 1935, x-ray showed the right lung had completely re-expanded, but there 
was a small area of pneumothorax over the left upper lobe. A lung mapping with lipiodol 
at this time showed the oil filling numerous small dilated areas in the lower portion of both 
lungs. This finding, coupled with failure to find tubercle bacilli in the sputum after repeated 
search over a period of one and a half years, confirmed our impression that we were not con- 
fronted with tuberculosis; since the patient was now symptom free, he was permitted 
to return to school. 

Patient’s course continued uneventful for the next nine months when he developed 
an acute respiratory infection manifested by cough, expectoration, dyspnea, and fever. Lung 
findings at this time were those of an aente tracheobronchitis. Examination of the heart 
revealed an apical systolic murmur and a definite accentuation of the second pulmonic sound. 
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Electrocardiogram was normal. Although he recovered from this infection, he had recur- 
rences, and his dyspnea became progressively worse. Hve months later x-ray examination 
revealed that both lungs had coniplctely re-expanded and for the first time showed evidence 
of definite cardiac enlargement. 

A few months later, while visiting in another city, the patient had another similar acute 
respiratory infection and ^as seen by physicians who insisted that ho had tuberculosis. Be- 
cause of this difference of opinion concerning the diagnosis, the patient was admitted to a 
tuberculosis sanatorium in September, 3930. mile under treatment there, he developed signs 
of progressive cardiac decompensation from which he died in May, 1937. 

Autopsy was limited to contents of thorax. There was a moderate amount of edema of 
the lower extremities and genitalia. On opening the thorax the visceral and parietal pleurae 
were densely adherent, so that the parietal pleura had to bo removed with the lungs. The 
diaphragm and pericardium were also adherent to tho lungs. On opening the pericardium 
there was found about 300 c.c. of clear straw-colored fluid. 



Flff. 3. Fig. 4. 


Fig. 3. — .R B. 8-7-34. Simultaneous bllatcial spontaneous pneumothorax. Large pneu- 
mothorax on left and smaller one on right. 

Fig. 4^ — ^R. B. B-2-36. Film made In oblique position. Both lungs completely re-ex- 
panded. Cystic areas In midzone in each lung. 

Heart: The heart appeared to be moderately enlarged, particularly on the right side. 
It Weighed 440 gm. after opening. The epicardium was smooth and glistening, and there 
was a small amount of fat present in the coronary sulci. The myocardium was dark red in 
color and showed no evidence of scarring. Thickness of right ventricle was 5 mm. and thick- 
ness of left ventricle was 1 cm. The right auricle and ventricle were tremendously dilated. 
The left auricle and ventricle appeared to be normal, except for a slight dilatation of the 
left ventricle. Tie endocardium was thin, smooth, and glistening. The papillary muscles 
of the right ventricle were greatly thickened. The columnae cameae were also thickened. 
Those of the left ventricle appeared normal. The chordae tendmeae were neither shortened 
nor thickened. The valves were thin and veillike and showed no evidence of any disease. 
The valves appeared competent. The circumference of the valves measured as follows: 
tricuspid 12.5, pulmonic 7.5, mitral 9, and aortic 6 cm. There appeared to be some slight dilata- 
tion of the pulmonary comice. There were no congenital or other abnormalities of the great 
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Aorta: The ascending aorta, the arch, and the thoracic portion of the descending aorta 
appeared normal. They were thin and elastic, and showed no e^-idence of arteriosclerosis. 
The coronary vessels appeared normal. 

Lungs: The visceral and parietal pleurae were densely adherent and appeared greatly 
scarred. Large cystic areas in the lungs could be seen and felt beneath the pleura. They 
apparently contained air and no fluid. Both lungs appeared to be overdistended and main- 
tained their shape. The lobes of the lungs also showed dense interlobar adhesions. The lungs 
were filled with formalin and allowed to fix before further sectioning. After sectioning, the 
cut surface of the lungs showed both lungs to be greatly involved b3' a cj’stic change. These 
cysts were most numerous and largest at the peripherj' of the lungs. Thej' varied greatly in 
size from that of normal vesicles up to C3'sts 3 cm. in diameter. The walls of these cysts were 
thin and smooth. Tlie3' apparentl3- communicated with the bronchi. The normal lung tissue 
was brownish red in color, presumably due to fixation with formalin. There was no evidence of 
any infection an3'where in either lung or in the tracheobronchial l3Tnph nodes. 

To open the thorax, it was necessary to extend the incision down to the abdomen, and 
this opportunity for exploring the abdomen was taken. The peritoneal cavit3’ was filled 
with a clear amber-colored fluid. The liver seemed to be enlarged, but the other organs 
appeared to be normal as far as could be determined b3' palpation. 

Microscopic. — Heart: Left ventricle, including coronar3’ arter3' and portion of mitral 
valve, was normal. Eight ventricle, including tricuspid valve, showed onl3' ver3’' slight scarring 
of m3'ocardium. Aorta : Sections from ascending portion and thoracic descending portion were 
normal. Pulmonary Artery: Moderate proliferation, scarring, and slight round ceU infiltra- 
tion of intima. Media appeared somewhat distorted and edematous. Lungs: The alveoli varied 
in size from normal to large cystic structures. The3' were lined b3* normal to greatly thinned 
out and flattened cells. The transition from small bronchioles to alveoli could be seen. The 
small broncliioles were lined by very small ciliated columnar epithelial cells, much smaller in 
size than the cells lining the larger bronclii. These cells became flattened and lost their cilia 
at the point of transition from bronchiole to alveolus. These small bronchioles were greatly 
dilated. Ifo definite constrictions could be found. The walls of tiie alveoli were very thin and 
delicate. There were many lieart failure cells in some of tlie alveoli. The interlobular con- 
nective tissue was edematous and much greater in amount than normal. It was slightl3' to 
moderately infiltrated by l3-mphocytes, with occasional focal accumulations of these cells. The 
blood vessels and 13'mphatics were numerous and dilated. Some showed hemorrhages. The 
larger branches of the pulmonar3' arteries showed the same changes as in the main branch. 
The pleura was slightl3' to greatly thickened and vascularized. It was slightl3' infiltrated 
by lymphoe3'tes. Tracheobronchial Lymph Hodes: Contained a small amount of anthracotie 
pigment. There were many large mononuclears containing blood pigment in the sinuses. 
They were otherwise normal. 

Anatomic Diagnosis: Congenital C3'stic disease of the lungs; chronic fibrous pleurisy; 
h3T)ertrophy and dilatation of the right ventricle; chronic passive congestion of lungs; peri- 
cardial effusion; edema of lower extremities and genitalia, ascites. 

COMMENT 

Simultaneous bilateral spontaneous pneumothorax from au}^ cause is an 
unusual aecident and, when resulting from congenital cystic lung disease, it 
is z’elativeb' rare. The case here reported presents several interesting features, 
many of which are similar to that of the case reported by Oechsli and Miles. 
The patient remained in good health until he was 17 years of age, when the 
first spontaneous pneumothorax occurred. He lived for four years after this, 
and died of congestive heart failure. Following the first occurrence of spon- 
taneous pneumothorax, the lungs completely re-expanded before the second 
bilateral spontaneous pneumothorax occurred. Following the second occur- 
rence of this accident, the lungs again completely re-expanded, and remained 
so for several months before death. So far as we have been able to find, this is 
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the second case on lecoid in nliich this has liappcned Tlieie nas a striking 
absence of cough, expecfoiation, fecei and chest pain dining the gieater part 
of the time lie nas iindei obseicatioii and nhcii tliese sjinptoms did oceui, 
thei 11 CIO ensile nceonnted foi hi an acute lespiraton infection Unlike the 
case of these antliois, theie iieie no other congenital abnoiinalities present 

The successful tieatnient of spoiitaiieoiis pneumothoiax inai lequire re 
11101 al of an from the plciiial eaiiti, eithei hi lepeated oi continuous aspira 
tioii Simple pneumothoiax, lutli a small teai in the lung, maj need no treat- 
ment 01 at most one oi a feu aspnatioiis of an When the lung tear has 
closed, the air mil be ahsoibcd from the pleuial cnvitj Larger tears ivith 
tension pneumothoiax roqiine contiiiiions aspiiatioii iiith a needle, or rarely 
iiitli a cathetei, inserted into the pleural cniti and coiniected iiitli a water 
bottle, such ns is used in the dianiage of an empiema The end of the tube 
should be placed pist belon the leiel of the iiatii to peimit continiions escape 
of the an, eien though the intiapleuial piessine should appioaeh normal 
With leasonablc aseptic piccantioiis inleetion ot the pleuial caiitj can be 
acoided Although tins patient lepeatedli had needles inseited through the 
chest nail and foi seccial dais needles iicie left m place in both pleuial 
caaitics, no infection occuiied, confiimmg oni impression that the dangei of 
infection fioiii mthont is negligible 

The diagnosis of congenital eistic lung disease piesents little difficult} 
nheii large 0}sts aie picsciit In the fipc of the disease chaiaeterized b} 
multiple small c}sts the diagnosis ina} be confusing ns the condition may 
simulate an infections pioccss, espceiallc tubeionlosis In tins case a positive 
tubeieuliu leaotion fuithei confused the pictiiie No endence of tuberculosis, 
hoiveaei, nas found at aiitopsc 

There is no satisfactoii treatment foi tins tape of c}stio lung disease, 
and the prognosis is poor The treatment of this patient was S}mptoraatio 
and the iieeessit} foi maintaiiinig constant aspiration from each pleural 
caMta indicated that tlieie nas no cominiuiicatioii betneen the pleural can 
ties through the mediastinum 


SUMMARX 


A ease of simultaneous bilateral spontaneous piieiiinothoiaN lesulting from 
congenital c}stic lung disease is lepoited mth aiitops} findings The patient 
had a bilateral collapse on tno different occasions, and following each the 
lungs corapletel} re expanded The lungs had been eompletel} le expanded 
foi several months before death occiuied Death eras directly the result of 
coiigestice heart failiiie At aiitops} no other congenital abnormalities were 
eneoiintei ed 


We -wish to o> 
the patient for his i 
Brown and F B St 
time of death and 


■ L Harrell of Norfolk Va who treated 
the notes on this patient to Drs W E 
under whose care the patient was at the 
Ity Va who performed the autopsy 
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CORRELATION OP HISTOLOGIC STRUCTURE WITH 
CLINICAL FEATURES* 


II. The Case op Malignant Neoplasms 


0. C. Grtjnee, Montreal, Canada 


T he structure of malignant new growtlis, whicli is revealed by tlie classical 
histologic methods of study, forms the basis of the prevailing conceptions 
as to their nature. Modifications of these conceptions become necessary when- 
ever some essential improvement in technique appears. Tissue cultures have 
revealed unexpected properties in the tumor cells. The wet-film method ap- 
plied to absolutely fresh tissue has shown that many of the cells in the neo- 
plasm are not rigidly fixed within a particular kind of architecture, and has 
disclosed objects previously not suspected. Perhaps of all the pictures, that 
which dark-field illumination provides is the most striking, because the in- 
tensely active movement of the particles in the neoplasm is thus for the first 
time brought to light. 

Histologic structui'e cannot be altogether divorced from physiologic be- 
havior. The phenomena observed during life must go with corresponding 
cellular elements, so that observation can only have been imperfect if these 
events do not accord with the clinical phenomena. This view was discussed 
in connection with goiterj where it is very evident that the clinical patholo- 
gist's findings are widely at variance with the clinician's observation as to 
presence or absence of toxic symptoms, etc. It was shown that a more exact 
analysis of thyroid tissue would bridge the discrepancies. Starting with the 
thj’^roid unit, and filling in the variable details, all gradations of disease can 
be amply provided for. 

So, too, with cancer. Only, in the case of malignant neoplasms, we dis- 
tinguish two series of components, one corresponding to the parenchyma of 
organs, and the other consisting of super-added elements not ordinarily found 
in noninfective diseases. There is an essential dualism in the structure. 

Discarding for the moment the stereotyped classification of tumors, the 
first step in the analysis is to catalogue the various elements which ever occur 
in tumor tissue. The next step is to assess the relative degrees of importance 
of each element and determine its chronologic relation to every other. Prom 
these data the essential features of each case can be put together into a simple 
formula — following the method proposed in the paper on goiter. Finally, the 
various formulas are compared, analj’^zed, and correlated with the clinical 

•The researches upon -(vhich this paper is based were carried out under a grant for cancer 
research contributed to Dr. Edward Archibald by an anonymous donor. 
tResearch fellow. McGill University, Montreal. 

tThe previous article appeared in the J. Lab. & Cliu. Med. 23: 431, 1938. 
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data, ivitli tlie ultimate object of seeking the explanation of tbe various fea- 
tures of the disease in tlie given patient and the nature of malignancy in 
general. 


ItlSTOLOQIC CANCER UNIT 

Tile histologic unit of cancer tissue comprises cells and a matrix carrying 
vascular channels and nerve filaments. The cellular components may he 
grouped into (I) fixed, (2) free-floating tumor cells, and (3) wandering cells 
(histiocytes). 



Flff. 1.-— Carcinoma solldmn of breast. Groalnp point of one of the cell columns. Slightly 
schematic drawing to show the dusky trophic cells and tbe paler-stalning “essential'* cells. 
This depicts the •'cancer unit” (oil Immersion, Oc. J5>. 



Fig-. 2 — Adenocarcinoma of colon. Slightly schematic drawing of a portion of an acinus 
(cancer unit) to show the dusky trophic cells and paier-stalning * essential’’ cells. Many free 
cells are shown, and some chromidiai granules (oU Immersion, Oc. 15). 

1. Fixed cells vary in shape m the different classes of neoplasm (squa- 
mous, spheroidal, and colunmar-celled, etc.), and in each case are of two hinds: 
(a) the trophic cells or trophocytes, which have a dusky cytoplasm, and a 
relatively large pachychromatic nucleus; (b) the essential or proper cells, 
which arc larger, show a pale-staining cytoplasm, and a relatively smaller 
leptoeliromatie nucleus. (Pigs. 1 and 2.) This division is general in both 
animal and vegetal organs. Tims, in normal histology, the Sertoli cells of 
the testis, the basal cells of the epithelium, the argentafiiue cells of the neuro- 
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endocrine systems are tropliic cells, and the germ cells, epithelial cells, and 
ganglionic cells are the respectively corresponding essential cells. During 
jmuth, food material normally flows from trophocyte to essential cell; in 
senescence the flow is in the opposite direction, according to Borrel. In addi- 
tion to these fixed cells, many malignant neoplasms also show giant cells with 
bizarre nuclei; these may, however, also be of the nature of trophocytes. 

2. Free-Floating Cells . — ^These comprise (a) small and large “naked” 
nuclei ; (b) small triangular cells like miniature plasma cells ; (c) foamy cells, 



Fiff. 3 — ^Free-swltnming cells : a, a', large and small “naked" nuclei ; S, cells like plasma 
cells : c, foamy cell. Chromidia ; d, type "lb’’ and "Ic,” B, type ‘Te,’* "octet.” Filamentous 
forms: f, noded lines in cancer cel! nucleus and cytoplasm (Zeiss, oil immersion, Oc. 15). 



Fig. 4. — Sarcoma, (a) To shoiv the granulations of types Ib and Ic (small and large 
granules). The latter have a narrow halo. (Zeiss lens, obj. 20, Oc. 10.) (b) Another prep- 

aration showing larger granulations among xhe tumor cells. 


some full of fat droplets and amoeba-like in form, others containing other 
grannies and no fat; (d) tailed cells (Fig. 3). 

These cells can only be identified in wet film or in vital stained prepara- 
tions. In other words, the operation material must be subjected to cytologic 
analysis within five minutes of removal from the body, if all these cell forms 
are to be demonstrated. Smear preparations made like blood smears (with 
or without dilution in isotonic saline) show them quite well, and dark-field 
study is advisable on other portions of material as soon as the films, etc., have 
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been safelj deposited in the fixing fluids (Tlie n et film method^ consists m 
plunging the still net tissue sompings into Schaudmn, or Bouin, foi subse- 
quent staining by Jlaj ei ’s henialiim oi hj non heniatoxj lin — the most inform- 
atne nuclear stam ) 

(a) ilirled nuclei These xai\ much in size Then outline is ciicular oi 
Dial 01 indented on both sides Some haie coaise giannies of chiomatin, nith 
deal niteneiiing niiiteinil, and lesciiible the ciiibnoiiic foiiiis o£ some pio 
tozoaii cells of stagnant iiatei Others shoii flahi oi tigioid niaikiiigs, nith 
a coloi icaction to Leishiiiiui, snggestne of then being djnig cells, iihose 
citoplasm has been lednccd tioni a ineic bale to the lanishing point The 
small genu ceiitei cells ol hiiipli nodes (iMiiplioidoei tes) otten pieseiit the 
same appeal ance iii film pieparatioiis of Ijiiiphoid tissue iViicleoIax matter 
IS present Some of these cells iiiaj appeal as round shells enclosing a bundle 
of pjnfoini bodies In the daik field, sonic of these cells ha\e a gregaiine 
like appeaiance, and altei then shape eontniiialh , indicatice of irritabilitj 

(b) Mwioiurc plaima cell like foimt These aie tiiangiilai, the nueleus 
being loiind, trachi chioniatic and paelnclnoiiiatic, and foimiug the bulk of 
the cells, nhile the ej toplasm is diiskj Tliet aic seen best of all bj mingling 
the flesh sciaping luth the inethjl gieen piioiime stain of Pappenheim, and 
imniediateh coieiiiig the mixture nitli a cocci slip- Aftei a shoit time the 
diffcient cells beeoine cloailc distuiguishable 

(o) Toamy cells The most stiiking me found in breast tumois and shoev 
protoplasmio masses full of lolaticclj laigc fat globules (cvhieh also occur 
free tlnoiighoiit such films), and shocc one oi tcco quite small nuclei Others 
appear foanij iii ciituo of being packed ccitli refractile giamiles, but differ in 
failing to give a fat leactioii 

(d) Tailed cells These cieie knocen to the eailiest histologists (They 
figure 111 L S Beale’s plates published in 1870) Some of them are of eery 
large size and coiitam inclusion bodies — eithei scatteied (Fig 7) or m ag 
giegated masses like included piotozoa The latter ccould be desoiibed as the 
normal segiegation appaiatns of the cell b> some cjtologists 

In passing, it may be noted that these canons fiee floating cells are all 
lef erred to in J Koch’s monograph^ as successice stages m the development 
of a protozoan parasite, the cellnla canciosa, ni othei voids, he regal ds them 
as foreign cells and not host cells at all Other observeis in leeent years have 
come to lealize that oiganisms can pass fiom ultiamicroscopic dimensions 
through all gradations up to the size of the laigest body cells 

3 '\Vandci mg cells include macrophages, monocytes, histiocj tes, and c an 
ous inflammatory cells The monocytes are a eery stiiking feature of cancel 
tissue cultuies, mociiig as they do among and all ocer the tumor cells In 
some cases, in fact, the tumor appears actually to be composed of macrophages 
In histologic sections, howecer, such cells may escape notice oi arc only reeog 
nized by their nucleai form — the c} toplasm being lelaticely inconspicuous 
The nuclei aie liable to be mistaken foi the granulations presentlj to be dis- 
cussed, and when the maciophages are active, the engulfed objects may be 
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mistaken for specific inclusions. The number and varieties of the inflamma- 
tory cells in general depend on the concurrent secondary infection in the 
neoplasm, but the cell formula is -worthy of record as part of the histologic 
analysis of a given laboratory specimen. 

These macrophages are, of course, not specific for cancer, hut the fact 
that they are much more plentiful in malignant neoplasms than in septic, 
tuberculous, and other tissues gives them a quasi-specificity. 

CHROMIDIAL GRANULATIONS 

To this point the cancer unit has been described as to its cellular elements. 
A second series of components has now to be discussed — the chromidial granu- 
lations. These are so named in the present study because they are defined as 
having nuclear or chromatinic composition, to distinguish them from other 
granules which are certainly cytoplasmic and nonspecific. Those chromidia 
pervade the tissue. They are intermediate between the histologic cancer unit 
and the actual unit. 

Table I includes a list of these components of the cancer unit. 

Table I 

Theee Groups op Chromidial Granules and Inclusion Bodies 

1. Granular forms. These occur in. the intercellular tissue and in the connective tissue 
spaces as veil as within tumor cells. 

(a) Submicroscopic : visible by dark-field method (elementary bodies) . 

(b) Microgranules: up to 1ft in diameter. As these often show a halo, they constitute 

the smallest “inclusion bodies.” 

(o) hlacrogranules ; (from 1 to 3ft). 

(d) Both (b) and (o) in the same tissue (Bigs. 3, 4). 

(e) Packets of (usually) eight particles, sometimes found ivithin an oval deeply oxyphile 

sharply contoured “cell.” These bodies are both trachy- and pachychromatic 

(Fig. 3). 

II. Cell inclusions in the usual sense. 

(a) Lying within signet-ring cells. The classical Plimmer bodies belong here. Blasto- 

myces have a similar appearance (Figs. 5, 6). 

(b) Smaller bodies, resembling coccidia. 

(c) Metachromatic masses within tumor cells, suggestive of plasmodial bodies; there- 

fore, resembling protozoa. 

(d) Pachychromatic oval bodies resembling torulae or yeasts. 

HI. Filamentous forms. These are (a) noded, (b) spirillar or wavy in form. They are lo- 
cated in mononuclear leucocytes, in the circulating blood, and also occur in tumor 
cells — usually in the cytoplasm, sometimes in the nucleus. When multiple and in- 
tertwined, as may occur in some cases of advanced carcinoma, they resemble a small 
mycelium. 

All these bodies are stainable with dyes, but all are not visible in histologic 
preparations. Some of -them (I-a) are only recognizable by means of dark- 
field illumination or by means of the Zeiss polychromar, and only in the freshly 
obtained tumor juice or “milk.” These include innumerable extremely minute 
granulations in a state of highly active movement. Others are only seen in 
the fresh blood from a eancer patient, though with difficulty because of their 
only momentarily coming into view from the depths of the specimen; the 
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larger bodies present distinctive (vermicular or undulating) movements. Others 
are only seen with certainty within the blood cells (monocytes) in Leishman 
preparations. 

The Shape of Gi'annlations in Stained Preparations . — Tliose of the smallest 
size arc spherical. Even the smallest may be enclosed in a clear halo like tlie 
cell inclusions in various virus diseases. Other forms are dumbbells, “halteres,” 
oval forms with lateral buds, pyriform shapes, beaded forms, irregular forms, 
and filamentous forms. Some of these are exactly like wandei’ing leucocytes 
seen among the epidermal cells of an epithelioma,' some resemble yeasts. Mul- 
berry forms suggest autogenous multiplication. Bizarre sliapes, indicative of 



riff. 5. — Free-ax< immlnff tumor cell with contained rilmmer bodj* Vjlal staining: with neutral 

red. 



Fiff. 6.— Large carcinoma cell contalninff Pllmmer body in a state of division with free chro- 
mldlal granules. 

pseudopods, suggest Hvingness (fresh preparations). Irregnlariy quadriiaterai 
shapes in the wot specimen, with refractile granules in tliera, exhibit motility. 
Octets whose components are pyriform suggest a reproductive form fasco- 
spores), though they ate generally passed over as caryorrheetic and pyenotic 
leucocytes, or as phagoeyted matter. Forms usually cleserihed as mito- 
chondria may occur, among which are filamentous forms marked with nodal 
thickenings. (These can also be demonstrated in blood cultures ) The larger 
inclusion bodies, up to the size of Plimmer bodies, are also spherical, and usu- 
ally present a halo. 

Plimmer bodies are oval, vesicular, or rounded, sometimes hyaline bodies 
within large cancer cells, the host-cell nucleus being the same size as the in- 
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elusion, but usually of crescentic shape. Within the body occurs a spherical 
deeply staining mass of relatively small size. Pig. 5 shows one of these bodies 
in a wet preparation, vitally stained with neutral red. The presence of defi- 
nite nuclear structure is demonstrated in Pig. 6, and shows that these bodies 
are not degenerative products. 



Fie. 7. — Larg-e carcinoma cell containing numerous "virus bodies” or macrogranules. 
Smear of fresh operation material. Leishman stain. The background is stippled with micro- 
granules of varying size, which include also elementary bodies only seen with dark-field 
obsen'ation. 


Lumen of Bowel 



Tto Tumor Celle 

Fig. 8. Edge of an adenocarcinomatous ulcer. Chromidial analysis of the tissue. Each 

horizontal line marks off a high-power field of the section. The horizontal lengths are pro- 
portional to the number of fields occupied by tumor tissue at the respective levels. 

Numerals in the rectangles: left top corner is the number of microgranules, left lower 
corner is the number of signet-ring cells. Right hand lower corner gives the number of nyper- 
chromic nuclei. The large number in the middle of each rectangle gives the number oi 
macrogranules. 
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COKRIIj\rlON OP CEBIS, WITH GKANULAnONS 

naiiiig listed all the elements which can he found m tumor tissue of 
whateiei hmd, we piocoed to place them in position First, a plan of the 
tissue IS diawii up to show a low powei niaguification and thus assign an 
oiientation^ — ditision into districts atcoidmg to lustoanatomic stiuctuie and 
to the position of the seteial cell t'pes The seveial kinds of eliromidia are 
now placed, and the pattern formed is thus made evident Thej show focal 
groupings, zonal groupings, oi diftusc scatteimg Some aie uiti acellular, 
eithei in the icsting oi in the dmdmg cell, otlieis aie intcicelhilai Some 
of the lattei aie between the tnmoi cells theinsehes, otheis aie in the iieerotio 
portions 01 in the duct luinina 

Thus, Pig 8 shows the actual imiiibeis of gianules of laiious kinds in 
the plane of one section ns met with in siiccessiie lustoanatomic regions This 
correlation is moie eleaih biought out in the aerompanj mg schema, which 
sssigns a paiticnlnr place and fnnetioii to the chromidia 
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Outgoing Ingoing 

The tumoi cells aie not onlj static, tUej aic also cljnamie, and, therefore, 
a place has to be found in the scheme for the oeeuuence of mitosis, especially 
as one would naturally expect chioinidia to sliow a relation to cell division, 
espeeiallj when mitosis is of pathologic form They aie, theiefoie, looked for 
m mitosmg cells — ^wliethei noimal or pathologic The most important study 
of pathologic mitosis is that recorded by Politzer,^ that of the effect of x rays 
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on the cells. The fact that chromatolysis occurs under sueh conditions, is the 
argument for saying that the chromidia are merely and solely degeneration 
products. 

The chief importance of coiTelating ehromidialization with mitosis is that 
it provides a point of time from which to measure the events in the tissue. 
Por, if the various chromidial forms are chronologically related, it is necessary 
also to ascertain how they fit in with the changes continuously proceeding 
within the tumor cells. Just as the chromidia culminate in a particular type 
so the tumor cells culminate in a particular form of structure. If the chromidia 
favor dividing cells, it is clear that every cell of a neoplasm is not equally 
malignant,” meaning by malignancy “ability to harbor and nourish virus.” 
That is, only virus-containing cells are malignant at any given time. 

Hence, in assigning a dual nature to malignancy,.the power of multiplica- 
tion cannot be restricted to the tumor cells alone. The chromidia evidently 
multiply also, and though they are apparently fixed or stable objects, without 
biologic organization, their varying sizes may correspond with differences of 
age. As with all biologic entities, a cycle of development is conceivable, the 
most minute granules being at one end of the scale and the Plimmer bodies 
at the other. The various bodies listed in Table I provide a means of “typing” 
cancerous tissue, and a number can be assigned to each case according to the 
kind of body which appears furthest on in the list. Thus, when “octets” 
are found, even in small numbers, the type would be recorded as “le,” rather 
than “Ih,” “Ic,” or “Id”; and if inclusions in signet-ring cells are present, 
the type is called “II.” 

The successive types represent a progression toward maturation of the 
cancerous process, though every neoplasm is not inevitably going through the 
whole series. Further, the chromidia in some specimens of cancer suggest 
that an alternation of forms maj’- occur, and this implies the possibility of 
some of the bodies being dioecious (or multisexnal) in nature. (Tims, octets 
would correspond to ascosporangia.) 

But the cycle applies to cancer only in a collective sense, because it only 
emerges from an analysis of a succession of cases, and not from repeated 
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OP the Various Granule Types 



1 TYPE I 

1 TYPE II 

j TYPE III 

TOTAIt 

a ! 

b 

c 

d 

e 

a 

b 

c 

d 

■■ 

HI 

External and squamous car- 

2 ' 

3 

7 

7 

1 

9 

1 

u 


18 

1 

59 

cinoma (face, mouth. 













throat, etc.) 













Uterine epithelioma 


7 

6 

9 


7 


2 

2 

25 

14 

17 

Gastric 


1 

0 

4 

2 

8 i 

1 

1 

1 

13 

; 3 

S9 

Intestinal 

i 2 

1 5 

6 

1 

6 

13 


1 

fi 

7 

1 8 

51 

Breast 

1 7 

4 

9 

7 

2 

30 

1 

7 

1 

MEM 


76 

Sarcoma 

1 1 

i 4 


2 


3 


2 


! 4 


19 

Lung 

1 



o 

1 

2 




' 8 

' 6 

SO 

Unclassified sites 






4 




10 

1 

13 

Total 

12 

Wm 


32 

t 12 

70 

2 

24 

iQi 

95 

36 

349 












QRUNCE CORRLI^TION OP HISTOLOGIC STRUCTURE 


161 


biopsies of single cases In the seiics ainilji'etl m Table III, the II tjpe, for 
iiistanee, is rare in sareonia and sonic foiiiis ot eaiciiioma 

To conclude, the complete iiitcipietatioii ot the caneeious tissue entails 
supeiposnig the seieial jihases of cliiomidia upon the siictessire histologic loci 
The abiindaiice oi p.iueih ot the laiious tipes is eiiuallj impoitant in form- 
ing an opinion as to the dcgiee oi seieiiti ot flu disease and the biologic 
stage to nhich it has reached 


DISCUSSION 

The eiidcjice aiailahlc in faioi ot the suggisted method of mteqneting 
the histologic stiuetmc oi neoplasms can onh be iifened to biiefii uithm 
the limits of this papei 

Kediiced to stiict essentials, the giaiiulations maj be (1) aitifacts oi 
adientitioiis matter, (2) noimni cell sluictmes oi cell piodncts, (3) patho- 
logic cell pioduots and hj pioducts, that is degcneiatne m natme, pathologic 
mitoses, (4) hacteiial contaminations oi sccondaij infections The need to 
exelude the fiist item is most ciident ulicn stinhing mateiial bi daik ground 
illumination The second and fouith items aie not difficult to eliminate 
Ilence the leal pioblcm is tbe thud — nhetbei tbe cluomidml giamilcs aie 
simplj degeneiatiie m origin and not oaiisallj iclated to tbe disease The 
arguments customarih raised against a causal iclationsbip maj be passed 
01 et, because tlies aie lepcatcdh and untailmglj biouglit foiuard in the 
hteratuie Theio aio iieieitheless icii good leasons foi adiocatiiig an oppo- 
site conclusion Among them aic the folloniiig 

Siitologic (1) The tact that host tells and cell liagments tan be mimicked 
bj foreign cells and oiganisms llecogiiitioii of this possibiiiti underlies the 
lepeated cfioits to desise diffcieiitial staining methods (c\ith oi without 
optical deuces) foi distinguishing uith teitaiiitj two otheiuise e\actlj similar 
objects (2) The demonstration that if a dilute cnltuie of eijptoinyees is 
admixed with a flesh piepaiation of noniial blood, it can be ccij difficult to 
diseoiei the pieseuce of the oiganism, siiiulailj, that a histologic section of 
aseomjeete peritheoium can picseiit a leii close lesemblaiice to the tissue of 
lourid celled sarcoma within restiicfed micioseopic fields (3) As a piaotieal 
tact, eminent pathologists insist that cien a cancel cell is indistinguishable 
trom ail oidiiiarj bodj cell (this being an aigument that tbe eaiicei cell is 
iiecessarilj alwajs a host cell) (4) Appearances alone will not lule out the 
possibilifj of some chioiiudia in a cell being infectne (5) The “octets” of 
Table I — eight sliaiplj defined zefiactilc bodies of oral oi pjiifoim shape — 
are not a featuio of the oidinary coiuse of leucocyte caijoiihexis (6) Divi 
sions and mitoses can be seen in the signet-nng cell iiicliisioiis (7) Experi 
mental inoculations with eiiltiiies of crjptomjoes iiiodnce bodies exaetlj 
similai to those undei discussion, and m this case the “ehiomidia” aie defi- 
niteh identieal with phases of the injected oiganisms (8) Diagnosis that a 
hiopsj IS cancel ons soleh on the basis of the piesence of these bodies Ims been 
pioied eoireot bj the subsequent histoij, when the disease hnallj became 
clmicallj and histologicallj established 



162 


THE JOURNAL OP LABOEATORT AND CLINICAL MEDICINE 


Clinical; (1) Tumors sliowing “degeneration’' are more malignant than 
those -which retain well-formed structure throughout ; in other words, the more 
numerous the granulations, the more rapid the spread of the disease. (2) The 
e-vidence of Table III, though this needs supplementing by an exact analysis 
of the after history in every case therein, in order to show the higher types 
as clinically more malignant or associated with a wider dissemination through 
the bodj’. Actually, however, this correlation is not uniform, being affected 
partly b}' the patient’s reaction and partly bj"- the previous medical history. 
As was discussed in regard to goiter, several diverse factors contribute to the 
picture. (3) Correlation of blood picture with chromidial types. Discrep- 
ancies are found to occur here because of the effect of concurrent treatment. 
The inclusion bodies disappear completely under radium therapy, remaining 
absent for a long period of time; x-ray therapj" has a similar effect, but of 



Fig:. 9. — ^Relation between rate of progress of cancer and type of chromidlalization. The rise in 
the curve represents schematically the increasing bulk of neoplastic tissue in the body, 

only a few weeks’ duration. (4) Biochemical data: determinations of the 
pH of the blood, of blood calcium, and of glucose tolerance do not give uni- 
form results in all kinds of cancer. This can be explained on the basis of the 
histologic factors. Thus, dark-field study of fresh tissue shows abundance of 
fatty acid (anisotropic crj'stals) and the presence of crystals of calcium oxalate 
in some tumors and not in others. (It is suggestive that both these findings 
are also a feature of fungal cultures.) Neoplasms may also be described as 
being sometimes open, sometimes closed, according to the degree of fibrosis, 
or blocking of vascular channels by columns of tumor cells, or abundance of 
chromidial formation. Certainly the blood picture shows abeyance of the 
distinctive changes (“quiescence”) when the tissue also suggests a “closed’ 
form. (5) The time factor. This presents three relations: (a) the stage of 
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the disease, (b) tlie duration of the successive cliromidial phases, (c) the inci- 
dence of the important precnuceroiis disease (i.e., chronologically, not etiologi- 
cally precanceroiis). In some cases the clinical history shows a succession of 
periods with which the cliromidial types also correspond (Fig. 9). Blood 
studies bring this relation out best, because it is rarely possible to observe 
tlie tissue at different periods in one case. The time curve is relative, not 
absolute; the lengths of the abscissae on the chart bear proportional values 
only. As to (c), the previous medical Iiistory, the date and duration of each 
important illness prior to the first signs of the neoplasm are recorded in order 
to mark out the intervals (in weeks or months) between each pair of events. 
The interval between the first sign of neoplasm and the first recurrence has 
a definite value (Douglas Webstert). These intervals are explained by the 
histologic structure, as the cliromidia also take time for their evolution, even 
if the}’ only pertain to the constitutional factor underlying the disease. (6) 
The relation to choice of treatment. Tlie ultimate fact about treatment is the 
choice between surgery or radiation, or both, whicli in itself tacitly admits 
the disease to be local at the onset. Up to a certain point, the local lesion 
or “primary*^ is the whole disease, and if it could be completely removed, 
the case would be definitely ‘'cured.'' The unwillingness to speak of a cure 
is the permanent doubt whether removal was complete. The present research 
points to the conclusion that by the time the tumor is tliere, the blood already 
shows the characteristic evidences of virus infection. Hence it is relatively 
unimportant whether the neoplasm is to be regarded as tlie factory of the virus 
(i.e., primarily a local disease to start with) or only its storehouse or granary 
(i.e., a constitutional disease with local manifestation). In either case local 
treatment is not alone sufficient to ensure a lasting cure, and cases occur in 
which local radiation forces the cliromidia furtlier on, or into the blood and 
internal organs. In such cases, the inclusion bodies in the blood are found 
still present, despite the absence of any other evidence of the disease. This 
supports the argument that cancer is not just “neoplasm," but a disease 
requiring general treatment as well. 

SUMMARY 

A method of interpretation is presented which furnishes a means of cor- 
relating the structure of neoplasms with their behavior and with the clinical 
features of the cancer disease. 

The essential basis of the interpretation is that there is a dualism of 
nature in the neoplasms — one component being the cellular one, and the other 
the chromidial granules. The tumor cells are partly a reaction to virus infec- 
tion, partly the site of proliferation of the virus, so that only the infected 
cells are the really malignant ones. 

The chromidial granules are not considered to be degeneration products, 
but inherent in the propagation of the virus. They are thus raised to a 
position of special significance. 
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A special analysis of cases studied aceoi-ding to the types of granulation 
is presented, the associated researches forming the ultimate basis of the pres- 
ent thesis. 
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TOXICITY, THERAPEUTIC ACTIVITY, AND MODE OF ACTION OF 
SULFANILAMIDE IN EXPERIMENTAL STREPTOCOCCUS 
INFECTIONS OP RABBITS*' 


John A. Kobmer, hl.D., Herman Brown, B.S., and Anna hi. Rule, 

Philadelphia, Pa. 

With the Assistance op jMaey P. Werner 


OINCE septicemia of luimau beings due to beta hemolytic streptococci is 
usually the result of a rapid overflow of organisms into the blood from a 
primary focus of infection of the fixed tissues which cannot be effectively 
balanced bj’ the clearing mechanism, we have employed rabbits in this investiga- 
tion inoculated iutradermally and intravenously with virulent streptococcus of 
this type, with the production of severe local skin lesions, septicemia, and 
secondarj’^ suppurative arthritis, according to the method of Kolmer and Rule.’^ 
These lesions not only permit direct clinical observations but likewise and more 
importantly, bacteriologic examinations of the skin, blood, and joints as a means 
for ascertaining disinfection of these tissues by chemical agents, and in tliese 
respects constituting a more satisfactorj'^ experimental disease than experimental 
streptococcus infections of mice so commonly employed. 

In a previous communication by Kolmer, Brown, Raiziss, Rule, and 
Clemence,- it was reported that pi’ontosil soluble, while exerting some curative 
effects upon the local skin lesions, failed to produce complete disinfection in the 
dose employed (0.015 gm. per kg, daily for five days in succession) , being in both 
re.speets less effective than pj'ridyi sulfide in similar dosage per body weight. 
Both compounds also exerted some bactericidal effects upon the associated sep- 
ticemia. but were practically ineffective in the treatment of the secondary sup- 
purative arthritis in the doses employed. 

The present investigation was confined entirety to a study of sulfanilamidel 
in the treatment of these experimental lesions, since its lower toxicity has per- 
mitted the administration of much larger doses. Furthermore, it has been pos- 

*Frpin the Research Institute of Cutaneous Medicine, FWIailelphia. 

Received for publication, March 29, 1938. 

tKindly prepared and furnished by the HerinatoiDSical Research Laboratories. Rhila- 
ariphia. 
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siWe to determine quanlitati\ch tlie conccntiation of fiec and conjugated sul 
famlamido in tlie blood in lelatiou to lo\icit\ .ind tlieiapeutie effectn eness, 
as uell as of the compound m the local sKm lesions in relation to disinfection, 
as detoimiiicd b> clinical obsenations and bactctiologic examinations 

ruitlieimoie, uliilc the in.iximum tolerated and minimal lethal doses of 
sulfanilamide and its deinatices foi the loner aiuimls per kilogram of rveiglit 
hr different routes of administiatioii hare been tlioioiighlj studied he carious 
iinestigatois, its clicmop illiologri cflccts bare not been repotted upon, so that 
lie liare included this iiii]ioitant phase of the suhicet in the piesent invcstiga 
tion 

Toxicnr or sunr imi vvinE is iiFLvrios ro tosetsTRmos in the moon of 
SORMH vxn MPIIRITIC R UIIIITS 

With the particular hiatid of sullanihmidt emplojed Kairiss, Serciac, and 
Jloetseh’ liaec lepoited the itiaxitntim sintflc toleintcd dose for mice be sub 
cutaneous injection to he about 2 gtii per Kg of eeeight Be oral admiiiistiation 
to rabbits the maximum single toleiated dose eras about 1 5 gm per Kg , since 94 
pci cent of animals suieiecd the admiiiistiation of tins amount 

In out expoiiments rabbits Inec heed mdcfinitclj folloevmg ten daile 
subcutaneous injeetions of 0 004 to as much as 0 160 gm pci Kg (coiiespondmg 
to 9 6 gm per GO Kg), eaeli dose being dieidcd into teeo portions, giecn six 
hours apart 

Be otal administiation the miximiim toleiated dose eeas beteeeen 0 2 and 
10 gm per Kg daile, dieidcd into teeo doses six houis apait, as an animal sur 
need after six daily doses of the latter, a thud animal succumbing after three 
daile doses of 2 0 gm per kg 

Quantitatiee analeses of the blood for ficc sulfanilamide by the method of 
Marshall, Emerson, and Cutting* eecre made about tee enty four hours after 
each dailj administration, and because of rapid absorption and elimination, 
shore ed none of the compound in the blood for the first one to three days 
After this time, hoeeeeci, the compound accumulated faster than it could be 
eliminated, but eecn a dailj dose of 0160 gm per Kg bj subcutaneous injection 
{dieidcd into teeo doses six liouis apart) did not result in a concentration of 
free sulfanilamide oeei 14 mg pei 100 c c (ninth daj ) A dailj dose of 0 2 gm 
pel kg bj oial admiiiistiation (dieided into teeo doses six hours apart) re 
suited in a maximum conccntiation of 0 8 mg per 100 cc (on the ninth daj), 
but a dailj dose of 1 0 gm per Kg by oral administration (divided into teeo 
doses SIX hours apait) produced a conccntiation of 12 5 mg per 100 c c on the 
sceenth daj eehen this animal suceumhed from the toxic effects 

In a second experiment the compound evas given orallj to four rabbits in a 
daily total dose of 0 2 to 0 S gm pci kg (dieided into teeo doses daily) for flee 
daes One reeeieing 0 4 gm per Kg tee ice daily died after the eighth dose 
(fourth day), indicating that about 0 3 gm teeicc a day by oral administration 
evas about the maximum tolerated dose bj tins route and manner of administra 
tion 

Free and conjugated sulfanilamide (para acetj laminobenzenesulfonamide) 
eves determined in the blood of each animal three hours aftei the first and 
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seventeen hours after the second dose each day by the method of Marshall.® Be- 
cause of rapid absorption, maximum amounts were found in the blood as early 
as three hours after the first dose in each animal. It was noted that two daily 
doses of 0.1 and 0.2 gm. per kg. by oral administration did not result in a con- 
centration of free sulfanilamide higher than 6.5 mg. per 100 c.e. of blood, 
whereas it required the maximum tolerated dose of 0.3 gm. per kg. twice daily 
before a concentration of 10 to 14 mg. per 100 c.c. resulted. This is believed 
to be the concentration required for pronounced therapeutic effects. A twice 
daily dose of 0.4 gm. per kg., which was lethal on the fourth day, resulted in a 
maximum concentration of 10.6 mg. per 100 e.c. three hours after the fifth dose 
{third day), the animal snecnmbing after the eighth dose (fourth day) vntli 
6.5 mg. per 100 c.c. 

The blood concentration of the conjugated or acetjd compound, the pro- 
duction of which may be a defensive mechanism of detoxification, varied from 
1.4 mg, per 100 e.c. in the case of a rabbit receiving 0.1 gm. per kg. twice daily 
to as high as 29 mg. in the case of a rabbit receiving 0.4 gm. per kg. twice daily, 
but the therapeutic effectiveness of this conjugated compound is still uncertain.* 
If it contributes to therapeutic effectiveness, the total sulfanilamide in the Mood 
of rabbits has varied from 10 mg. per 100 c.c. in the case of 0.1 gm. per kg. twice 
daily to as much as 37 mg. when 0.4 gm. per kg. is given twice daily by oral 
administration. 

In a third experiment six rabbits were given an intravenous injection of 
mercurophen in dose of 0.002 gm. per kg. for the purpose of producing a 
mercurial nephritis, t Pour days later the Mood urea nitrogen varied from 
60 to 80 mg. per 100 c.e., indicating well-marked nitrogen retention from the 
kidney' injury. Two controls died of this nephritis in thirteen to fifteen days. 

The four remaining animals were given sulfanilamide twice daily in dose 
of 0.1 to 0,4 gm, per kg. by oral administration, beginning three days after 
the injection of mercurophen. Each daily dose was divided in two, given six 
hours apart. 

Because of the nephritis, the maximum tolerated dose was reduced from 
0.3 to 0.2 gm. twice daily per kg., presumably because of interference with the 
elimination of the compound. In confirmation of the observations of Marshall 
and his colleagues,^ it was observed that the nephritis resulted in the aceumnla- 
tion. of both free and conjugated sulfanilamide in marked degree as compared 
with normal rabbits; also that toxic effects were produced by a smaller amount 
of free sulfanilamide in the blood of nephritic than in normal rabbits and in- 
dicating the need for extra caution in dosage for human beings with nephritis. 
For example, the dose of 0.1 gm. per kg. twice daily resulted in a maximum con- 
centration of 5.5 mg, of free and 4.5 mg. of conjugated sulfanilamide per 100 c.c. 
of blood in the ease of a normal rabbit, but of 9.2 mg. of free and 21.2 mg. of 
conjugated in the case of a nephritic rabbit; a dose of 0.4 gm, per kg. twice daily 
resulted in a maximum concentration of 12 mg. of free and 29 mg. of conjugated 

*Dr. George W. Baiziss informs us {personal communication) that he believes it to be 
therapeutically effective in streptococcus septicemia of mice. 

tHistoloSio examination has shown the production of severa tubular nephritis (nephrosis) 
characterized by degenerative and desquamative changes in the tubular epithelium wnn 
calcareous infiltration. 
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sulfamlamide pei 100 c e of blood in tlic caie o£ n iioiinal labbit, but of 22 mg 
of free and 38 mg of conjugated in a iiepluitic labbit 

In the normal labbit it was found that wlicn a twenty foui hour level of 
free sulfamlamide, amounting to 10 mg per 100 cc , was maintained for a few 
dajs, death ensued This leiel was onlj attained when the enoimous dose of 
0 4 gm per kg was admmisteicd twice dail} and then only after elimination 
had bcgiui to be imp, mod In othei woids, it would appeal that attempts to 
attain a blood leiol of about 10 mg per 100 ce during clinical tieatment may 
be hazaidons for human beings unless they ha\c a gi eater tolerance foi sul 
f.amlamide than rabbits Attempts to leaeh such Icicls maj account for the 
.sppearanco of the to\io effects repotted in the litciatuie 

In an additional expciiment the blood conecntiation of fieo and conjugated 
sulfamlamide was determined in a noimal and a nephritic labbit leeeiMng a 
single dose of 0 3 gm sulfanilamide pei dai pci kilogiam of weight The lattei 
showed a blood urea nitrogen of 54 mg pet 100 c e tliiee dajs after the injection 
of mereurophen, when the administiation of sulfanilamide was begun 

It was obseived that thoie was a very lapid absoiption of sulfamlamide 
from the gastrointestinal tiact, about 50 per cent of the total fiee sulfamlamide 
being found in the blood in the first half hour This applied to both the normal 
and nephritic animals and in both the maximum amounts of fiee sulfamlamide 
were found in from two to three hours In the normal rabbit theie was a de 
crease in free sulfamlamide to negligible amounts m thiitytwo hours, xvhilo 
the nephritic rabbit showed a somewhat delayed elimination In thirty two 
hours there was still 2 5 mg free sulfamlamide as compared to 0 9 mg pei 100 
com the normal animal 

This diffeience was much more definite when the curves of conjugated sul- 
fanilamide xvere considered Ilcie it was found that a consideiable accumula 
tion of the conjugated compound occurred in the nephritic rabbit, equal in 
amount to the free sulfamlamido, .although the peak of this cuno was delayed 
seveial hours oxer that of the fiee sulfamlamide The conjugated sulfanilamide 
found in the normal rabbit reached a maximum value somewhat earlier and 
was only about one half that of the free sulfamlamide Little or no conjugated 
sulfamlamide xvas detectable in the fiist half hoiii, although, as has been in 
dicated, considerable free sulfamlamide already appeared in the blood at this 
time 

Tiiese diffei dices point to an inteicsting speculation as to the mechanism 
of in xivo conjugation Combined sulfamlamide must be formed either in the 
gastiointestinal tiact and be absorbed and eliminated more slowly, or it is 
actually conjugated duiing passage through the fixed tissues Retarded elimina 
tion IS indicated in both the normal and nephritic animal, moie so in the latter 
since general elimination is definitely impaired Sloxver absorption of con- 
jugated than of free sulfaiiilamide may account for the delayed appearance of 
the former if it is formed in the gastromtestmal tract, but such a mechanism 
does not account for the gieatly increased conjugated sulfamlamide in the 
nephritic rabbit Tins might be due to a selective kidney elimination, but de- 
fective elimination should also bring about a great inciease of free sulfanilamide 
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Ivitlect into two tloses six hours apart daily for five daj's; first dose griven t\v<?nty-fo«r hours after inoculation. 
= severe le.sion t 3 = less severe, etc. , absc. ~ abscess. 
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Since tlio doses «oic the snmo Tlic fact that the fiee sulfanilamide lem.iins 
about the same in botli amninls, despite dctieased elimniatiou in the nephiitic 
rabbit and the greatly iiieicascd combined sulfanilamide in the lattei, can be 
explained if it is assumed th.it conjugation takes place nhile cuculating through 
the fixed tissues The lattei site ol conpigation Mould tend to depiess the 
maximum \ allies found foi fice sulfanilamide despite decreased elimination 
because of continual conjugation, and Mould cause a coiiespondmg incieaso as 
well as a somcMliat delaicd ajipeai nice ot (ombiiud sulfanilamide, a condition 
aetualh found to exist 

HisioioGic riinrxcns 01 Toxieirx ot siLpexir vmide 

All of the animals giien ten daiU doses of 0 004 to 0 160 gm pel kg sub 
ciitancoush and 0 2 to 2 0 gm pel Kg oiallx Meie saciifieed aftci the tenth 
dose of the oompoiind, and the kidiieis liiei, spleen, adieiial glands, heait, and 
lungs examined histologicalle toi eiidenees of inpiii, as this has been found 
.idiisable in ehcmothciapeutie icseaiib instead ot depending solelj on the dma 
tion of the lues of cxpciimental animils loi estimating the toxicitj of chemical 
agents' The same oigaiis moic submitted to histologic examination from the 
tMo rabbits succumbing to the oial adminisliation of the compound 

The losults Mcie esscntialli iicgatnc and confiimaton of the lemaikablj 
loM toxicitj of sulfanilamide None shoned am histologic ciidoncos of injmj 
m the hcait, lungs, adicnal glands, oi siileen The kidnojs of a rabbit, giien 
ten dailj doses of 0160 gm pci kg bj subcutaneous injection, sboMCd slight 
degiees of cloiidj sm oiling of the epithelium of the stiaiglit tubules as likewise 
those giien 1 0 and 2 0 gm oialh per kilogiam of Meight and succumbing on the 
eighth and fomtli daxs, lospcctixel) The Inei of a labbit iceeixing ten daily 
doses of 0160 gm subcutaneoush pei kilognm and that of the labbit gixen 
three daih doses ot 2 0 gm be oial admmistiation likeMise showed marked 
cloudj SMolliiig of the lobulai cpitlielium, paiticulailj Mcll maikcd about the 
cciitial \eins, we aie not at all suic that these changes Mere produced by sul 
fanilamide, since tliex baic been found in control labbits and those subjected 
to sti eptoeoecus iiifoetioii 

EFircT Ol sun imlimiui: in the tbextxiext oi streptococcus 
ixprCTiONS OF KinniTS 

In one expeiiment ten labbits Mcie gnen an injection of 0 6 e c of eighteen 
horn lioimone hiotli ciiltiue of xiiulcnt licmohtic streptococcus in the abdominal 
skin Seveio local lesions xielding positixe ciiltiues lesulted in twenty four 
hours, at Minch time tieatment Mith siilfanilTmidc Mas begun on eight of the 
animals, the doses pei kilognm and loutes of admmistiation being shOMn in 
Table I Tmo Merc kept as iintieatcd eontiols 

It Mill be obseixed that all icceixmg 0 004 to 0 08 gm subciitaneoiislj and 
0 2 to 10 gm orallj per kilogiam of weight dailj for fire dajs in succession, 
showed Mellmaiked clinical effects as compared with the untreated controls, 
but positiie cultures of the lesions were secured tluougbout a period of ten dajs, 
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indicating incomplete disinfection of these local lesions. Two of the treated 
and one of the control animals sueeumhed, and the balance developed abscesses, 
five to seven days after inoculation. 

In a second experiment eighteen rabbits ivere inoculated intradermally with 
the same amount of culture and at the same time given 0.5 e.c. intravenously. 
Twelve were subjected to treatment, the doses and routes of administration 
being given in Table II, while six were kept as untreated controls. The primary 
purpose of this experiment was to determine the effects of sulfanilamide on the 
prevention of suppurative arthritis. 


Table H 

Effect of Sulfanilamide Upon the Local Skin Lesions and in the Pkevention of 

Arthritis of Rabbits* 


NO. 

DAILY 

DOSE 

PER 

(O.M.) 

ROUTE 

OF 

ADMIN. 

24 HR. 
AFTER IN- 
OCULATION ; 

LOCAL 

LESIONS*"^* 

LOCAL SKIN LESIONS 

EFFECT OP TREATMENT 
IN PREVENTION OF 
SUPPURATIVE ARTHRITIS 

1 

0.004 

Subcut. 

2 

Regressed; died 7 days 

Developed (6 days) 

2 

0.004 

Subeut. 

2 

Regressed; died 7 days 

Developed (6 days) 

3 

0.008 

Subeut. 

3 

Healed 8 days; survived 

Absent 

4 

0.008 

Subcut. 

2 

Healed 9 days ; survived 

Developed (7 days) 

5 

O.OS 

Subcut. 

3 

Healed 6 days; survived 

Absent 

6 

0.08 

Subeut. 

4 

Healed 6 days; died 10 days 

Developed (6 days) 

7 

0.2 

Orally 

3 

Healed 7 days; survived 

Absent 

8 

0.2 

Orally 

2 

Healed 6 days; survived 

Developed (8 days) 

0 

0.5 

Orally 

2 

Healed 6 days; survived 

Absent 

10 

0.5 

Orally 

2 

Regressed; died 10 days 

Developed (8 days) 

11 

1.0 

Orally 

2 

Regressed; died 6 days 

Absent 

12 

1.0 

Orally 

3 

Regressed; died 13 days 

Absent 

13 

Control 

- 

3 

Progressed; died 6 days 

Developed (6 days) 

14 

Control 

- 

3 

Progressed; died 15 days 

Developed (7 days) 

15 

Control 

- 

2 

Regressed; survived 

Absent 

16 

Control 

- 

2 

Progressed; died 6 days 

Developed (6 days) 

17 

Control 

- 

1 

Progressed; died 7 days 

Developed (6 days) 

18 

Control 

- 

3 

Regressed ; survived 

Developed (7 days) 


•Rabbits inoculated witli 0.6 c.c. of eighteen-hour hormone broth culture intradermally 
and 0.5 C.C. Intravenously. 

* ‘Divided into two doses six hours apart daily for five days; first dose given twenty-four 
hours after inoculation. 

•••4 = severe lesion ; 3 = less severe, etc. 


Of the six untreated controls the local lesions progressed in five, and all 
but one, or 83 per cent, developed arthritis; four of the animals snccumbed. 

Of the twelve animals in which treatment was started twenty-four hours 
after inoculation, consisting of five daily doses of 0.004 to 0.08 gm. subcutane- 
ouslj' and 0.2 to 1.0 gm. orally per kilogram of weight, the local lesions regressed 
or healed in all; six, or 50 per cent, developed arthritis, and six, or 50 per cent, 
succumbed. 

In a third experiment a series of rabbits were inoculated intradermally 
with 0.6 c.c. of eighteen-hour hormone broth culture and given 0.5 c.c. intrave- 
nousty. One week later fifteen had developed arthritis, involving one to three 
joints. At this time treatment was started on twelve, while three were kept as 
controls. ' Six were given five dailj* subcutaneous injections of 0.004 to 0.08 gm. 
per kg. of weight, each amount being divided into two doses, six hours apart. 
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The puiposo of the cxpciunent was to deteimme the thciapeutic effects of sul 
fanilamide upon the aithritis, and the results aic shown in Table III Joint 
and blood cultuies were made daily 

Tabu: jjI 


EfFEOT of SUBFIMBAIIIDE UPOV THE TSEATittNT OF SUPPOT.ITIVE APTHRIKS OF EABBITS* 


NO 

Nt/UifEK JOINTS 
DE^ELOriNG IN 
FLCTION 1 •\^EEK 
ATTFI 

SSOCTliATlOS 

HOSE 

PER 

KO ** 
(OM) 

ROUTE 

OP 

Aosns 

JOINT LESIONS*** 

BLOOD CUL 
TURES AT 
TIME OP 
DEATH 

1 

2 

■iliBiM 

bubcut 

i^rogrc'-scil , dieiJ a. 0 days 

+ 

2 

o 

0 001 

Subcut 

Progressed^ died 10 days 

+ 

3 

3 


Subcut 

ProgTCS-»cd, died 10 days 

+ 

•1 

3 

OQOS 

Subcut 

Proprohsed, died 14 days 

- 

5 

2 


Subcut 

Progressed, died 10 days 

not made 

0 

1 

DOS 

Subcut 

Progrcs'^cd, died 13 days 

+ 

* 

o 

02 

Or'illj 

Progressed, died 14 days 

+ 

& 

3 

02 

OnHy 

Regrc'»«ed, h\cd indefinitely 

0 



05 

OraHj 

Ilegre«“ed, Incd mdefiniteh 

0 

30 


05 

Orally 

Progressed, died 20 days 

+ 

11 

I 

10 

Onllj 

Progres'sei, died IS days 

- 

32 

3 

1 0 

OrnlJ) 

Regrc's^cd, liyel indefinitely 

0 

) 

3 

Control 

" 

I'rogressed died 30 days 

+ 

14 

o 

Control 


ProgrC'sOfl , du ) I** dni 

+ 

Id 

3 

l/Oatrol 

0 

Progressed, died 11 dais 



, . 'Uabblts iBoculatetl \\ nh 0 C c c of oigblecn hour hormone broth culture Intradennallj 
ana 0 5 c c Intratcnousli 

••Divided Into two doses six hours apart dally for flte dajs first dose given seven dajs 
alter Inoculation 

•••Joint cultures made ctety two to three daja after detelopment of arthritis all poeitlte 

The artliiitis of all tliicc mitieatcd contiols piogicssod, and all thiec 
sueeiimbed in ten to thirteen dnjs aftoi inoculation ttith positive joint and 
blood cultures 

Of the tneho ticated animals, the aitliiitis continued to piogiess m nine, 
01 75 per cent, nine, or 75 pei cent, succumbed ivitli positive blood and joint 
cultuies Arthiitis lOgiesscd in tliice (25 pci cent), and the animals lived 
Indefinitely, although positive joint cultuies pcisisted throughout a peiiod of 
tiveiityone dajs following inoculation 

EFFECT op SULPAMLAMIDE UPON PHVGOCITOSK ANP CONCEXTR VHON OF THE 
COVIPOUXD IN THE BLOOO AND LOCVL LESIONS OF BABBITS 

In one expeiiment six rabbits were inoculated mtradermally with 0 6 cc 
of eighteen hour hoiraone broth culture Twenty four hours later severe local 
lesions had developed and smeais showed tliat from 12 to 25 per cent of the 
polymoiphonueleai leucocytes had become phagocytic 

Three of the animals were now given 0 004 to 0 08 gm suKamlamido by sub 
cutaneous injection, and two 0 1 and 0 5 gm by oral administration pei Ivilo 
gram of weight, each dose being dwided into two portions and given six hours 
apart (Table TV) One animal was kept as an untreated control 

Twenty-foui hours later the local lesions of four of the five treated animals 
showed clmieal legression, and five showed an appreciable degree of increased 
piiagoeytosis by the poijraoiphonuelear haeoaytes of the mHammatory exadates 
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Free sulfamlamicie wns found m the blood, \aijiug fioin 0 2 to OS mg per 
100 cc 

Tlic lesions mcic now excised weighed giound with washed sand, and 
cxti acted in an incubatoi at 37° C foi twcnti foui liouis witli 95 poi cent 
alcohol Aftei papei fiUintion, an aliquot poitiou of each filtiatc was tested foi 
free sulfanilamide The lesions of thiec of the ticatcd animals showed traces 
of free sulfanilamide (less than 0 1 mg jiei 100 gm ) one was negatue, and 
one showed 1 3 mg pei 100 gni (lahhit No 5 icceiicd 0 5 gm oialh pei kilo 
giaiii of weight) 

Smeais of the local lesions wcic made twenti fom hoiiis aftei inoculation 
ui the ease of the S i.shliits listed in Table V Fioin 4 to 2S pei cent of the 
poll moi pbonnclcai Icucocifcs weic found pbngocxtic 


Table V 

EriECT OF SoLFAMLAXiiDE Upox PiiAFOCYTOsis OF STrrrTOCom IX LOFvi Sktx Lesions 

oi RiiiniTS* 


NO 

1>0S> 

iFr hc ** 

(< M) 

1 01 Tf OF 

uniiN 

iFi cTN-r rj!\roc‘V'ric cfils in 

FNLDVTES, D\NS 

•4 JirS NFTEP 
INOCtI ITION 
BFFOPF 

TJ EVTMEST 

: 

■> 

4 

5 

7 

10 

1 

^■mQ|n|||||| 

'^uUut 

10'* 

4S 


0 

10 

8 

msm 

2 


Subcut 

S 

10 

24 

SO 

10 

oo 

Died 

3 


Subcut 

12 

14 

ol> 

3S 


14 

14 

4 


OrnlU 

u 

2S 

24 

s 

24 

10 

14 

5 

05 

Ornlh 

4 

1C 

20 

32 

EM 

IG 

12 

G 


Onll) 

20 

ir 

■>0 

Died 




7 

Control 


12 

<5 

U 


12 

8 


S 

Control 

- 

2<? 

2<v 

2h 

40 

34 

8 

10 


•Rabbits Inoculated IntradcrmHI} nllli Oc cc ot clEhtccn hour hormone broth culture 
••Divided Into two doses six hours spirt dallj for ate dijs 
•••Fift> cells counted In smcirs of lc*>(on perccntige plngocj tic 


Thiee weie gtien subontaneoiis injections of 0 004 to 0 08 gra of sulfanila 
nnde, and thiee 0 2 to 10 gm bj oial administiation dailj foi fiie dajs m 
succession, each amount being dnided into two doses, six boms apait Two 
were Kept as untreated eontiols 

Pliagocjtic counts wcie made daih np to ten dais 
In one of the nntieited contioIs, fiom 8 to 20 pei cent of the poljmoiphonu 
deal Icneocjtes weie phagoextie tluoiighout, while in the second, fiom 8 to 40 
per cent weie pliagocytic 

Among five of the six ticitcd animals, the peicentage of phagoc} tes was 
mateiiallj mereised dining the fiist one to thiee dajs of ficatmeiit, but not 
111 the case of No 5, which was gnen 1 0 gm pei hg oiallj and succumbed thiee 
dais aftei inoculation 

Pliagocx lie studies weie also made m the ease of all of the eighteen labbits 
listed in Table II As piexionslj stated, these had been inoculated intradennaUj 
with 0 6 c c of culture, and intia’icnoush with 0 5 c e 

Sue were subjected to ticatment with sulfanilamide in dose of 0 004 to 0 08 
gm subcutaneously, and six with 0 2 to 10 gm pel kg hj oral administration 
dailj for fixe dajs beginning txxentj foul hours after inoculation, each amount 
being divided into txvo doses, six hours apart Six animals were kept as nn 
treated controls 
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Twenty-four houi-s after inoculation smears of the exudates of the local 
lesions showed that from 10 to 35 per cent of the polymorphonuclear leucocytes 
had hecome phagocytic (Table Yl). 

Of the six untreated controls, the percentage of phagocytes dropped in the 
following live days. The local lesion and blood of the one animal (No. 15) be- 
came spontaneously sterile on the seventh day, and this animal escaped arthritis 
and lived indefinitely, hut all of the remaining five developed arthritis and 
showed positive sldn lesion, blood, and joint cultures throughout the period of 
observation, three succumbing about seven days after inoculation. 

Of the six receiving five daily subcutaneous injections of sulfanilamide in 
dose of 0.004 to 0.08 gm., and six from 0.2 to 1.0 gm. by oral administration per 
kilogram of weight, only two showed an increase of phagocytosis. 

Five, or 42 per cent, of the twelve treated animals succumbed as compared 
to three, or 50 per cent, of the six untreated controls. Ten, or 83 per cent, of 
the treated animats gave sterile lesion cultures as compared with 17 per cent of 
the untreated controls; and ten, or 83 per cent, gave sterile blood cultures, al- 
though five developed arthritis .and four succumbed. 

DISCUSSION 

These results have confirmed the observations of others in regard to the 
remarkably low toxicity of sulfanilamide for the normal animal as determined 
not only by the duration of life and the absence of demonstrable toxic effects, 
but lilrewise by the absence of pronounced histologic changes in the various 
organs following the administration of large amounts per kilogram of weight. 
They have also shown the rapid absorption of the compound from the subcutane- 
ous tissues and the gastrointestinal tract and its rapid elimination requiring 
frequent administration for the maintenance of effective amounts in the blood. 
They have also shown that defective elimination by the kidneys of both free 
and conjugated sulfanilamide as the result of nephritis materially increases 
toxicity and indicates smaller dosage and extra caution in the treatment of hu- 
man beings under these conditions. In other words, sulfanilamide in ordinary 
dosage does not appear to increase the degree of nephritis, but its toxicity is 
increased by reason of defective elimination. 

Evidence is presented indicating that conjugation of sulfanilamide prob- 
ably occurs in the blood and the fixed tissues, but the question of its tlierapeutie 
properties is uncertain at the present time. If therapeutic effectiveness depends 
primarily upon free suKanilamide in the blood, almost toxic and lethal amounts 
must be given the normal rabbit to attain a concentration of 10 to 12 mg. per 
100 c.e., believed to be required in the treatment of human beings. 

Onr results have shown that snlfanilamide exerts a well-marked clinical 
effect upon the local skm lesions in rabbits produced by the intradermal injec- 
tion of virulent beta hemolytic streptococci, but in the doses employed it has 
only occasionally and irregularly effected complete sterilization of the lesions. 
It has also demonstrated some effect in the sterilization of the blood and in the 
prevention of secondary infection of the joints. Probably the duration of treat- 
ment employed in these experiments lias been iusufSoient, although the dosage 
per kilogram of body weight has been in most instances materially greater than 
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employed in the treatment of human beings. But at all events, it appears that 
there is need for a compound possessing a greater capacity for disinfection or 
sterilization of the primary and secondary infections of the fixed tissues than 
demonstrated by sulfanilamide in these experimental infections of rabbits. 

While the mechanism of curative activity of sulfanilamide has not yet been 
completel}’^ elucidated, the results observed in tliis study tend to confirm the 
opinion that at least part of its tlierapeutic effectiveness is due to a promotion 
of phagocytosis of streptococci in vivo probably bj" reason of exerting sufficient 
injury or bacteriostasis of the organisms and destruction of toxins to reduce 
their antiphagocytic properties. In a recent study of sulfanilamide in the treat- 
ment of experimental streptococcus and pneumococcus meningitis of rabbits and 
monlieys by Kolmer, Rule, and Werner," there -was likewise distinct evidence 
indicating that the compound promoted phagocytosis in the purulent cerebro- 
spinal fiuids, and while the amounts of the latter were insufficient for quantita- 
tive tests for the presence of the compound, the results indicated that the pro- 
motion of phagoejdosis was apparently an important phase of therapeutic ac- 
tivity. 

SUMMARY AND CONCLUSIONS 

1. Sulfanilamide by subcutaneous injection is remarkably low in toxicity 
for normal rabbits, since five daily doses, as high as 0.160 gm. per kg., were with- 
out toxic effects. 

2. Ten doses at the rate of two per day by oral administration gave a 
maximum tolerated dose of about 0.3 gm. per kg. of weight. 

3. The compound is also remarkably low in the production of pathologic 
tissue changes in the normal rabbit. Only the repeated administration of such 
large amounts as 0.160 gm. subcutaneously and 1.0 to 2.0 gm. orally per kilo- 
gram of weight, produced suggestive cloudy swelling of the tubular epithelium 
of the kidneys and the lobular epithelium of the liver. 

4. Nephritis of rabbits materially reduces tolerance for sulfanilamide, and 
the compound should be given in reduced dosage and with extra caution to 
human beings with defective kidney elimination. 

5. The compound is rapidty absorbed from the subcutaneous tissues and 
gastrointestinal tract of rabbits. In one-half hour after oral administration con- 
siderable free sulfanilamide can he found in the blood, and maximum amounts 
of both free and conjugated sulfanilamide are found after two to three hours. 
Little or no conjugated sulfanilamide is present in the blood as early as one- 
half hour after oral administration. 

6. Elimination is also quite rapid in the normal rabbit since only a negli- 
gible amount of free sulfanilamide is found in the blood after about thirty-two 
hours. In nephritic rabbits, however, elimination is material^ delayed and 
conjugated sulfanilamide accumulates to a greater extent than free sulfanila- 
mide with an increase of toxicity. 

7. The maintenance of 10 to 12 mg. of free sulfanilamide per 100 c.c. of 
blood, believed to be required for the maximum of therapeutic effectiveness, 
requires in the rabbit the administration of almost maximum tolerated or toxic 
amounts of the compound. 
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S Conjugation of sulfanilamide appeals to occui ni the blood and fixed 
tissues, but its therapeutic cftcctnoness is unccrtiin and unkno^^n at tlie picsent 
time 

9 The inliadcinial inoculation of labbils ivith Miiilent beta hcmoljtie 
streptococcus piodiices a sc\eic local lesion luthout septicemia a\ailablc foi 
clinical obscuatiou and bactciiologic cxamuiatiou foi evaluating the theiapeutic 
effectiveness of chemical agents The simultaneous intiavenous injections of 
cultiue icsults in tlic pioduction of septicemia and a laigc peicentagc of animals 
develop suppuiativc aithiitis These lesions aic believed to be moic useful 
than sticptococcus infections of mice foi chcmothciapeutic investigations 

10 Sulfanilamide in the doses cmplovcd usualh pioduccd piompt and 
maikcd clinical icgicssion of the local sticptococcus skin lesions, but only 
iiregulailj and oecasionalh complete hattcueidal cilects Small amounts of 
flee sulfanilamido vvcie found iii these lesions but not in the amounts regaided 
as requiied foi stciilization of the blood 

11 About 83 pel cent of uiitioatod eontiol labbits developed aithiitis, and 
50 pel cent developed this sceoiidaij infection undci sulfanilamide tieatmeiit 

12 In all untioatcd contiol labbits aitlmtis piogicsscd and all died with 
positive blood and joint cultuies In a sciios ticatcd with sulfanilamide the 
joint lesions continued to piogicss in 75 poi cent, and 75 pci cent succumbed 
with positive blood and joint cultiues 

13 Sulfanilamide iisuallj nieionscd the phiigocj tosis of stieptococci in the 
local skin lesions, and it appeals that at least jiait of tlic theiapeutic effective 
ness of the compound consists in pioducnig sufficient bacteiiostnsis and destruc 
tion of toxins to pioniotc phagocvtosis 

14 'While sulfanilamide lepiescnts a maiked advance m the ehcmotheiapy 
of hemoljtic sticptococcus infections, cspccialh of septicemia, theie is lugent 
need foi the pioduction of compounds moic eftectivc in the disinfection or 
&tei]lization of the piimaiv and sccoiuhiiv fixed tissue infections 
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LABORATORY METHODS 


A RAPID AND SIMPLIFIED METHOD OF EXTRAOTINO 
URINARY ESTROOEN*' 


S. L. Leiboff, M.A., akd Abba.ham B. Tajos, M.D., New York, N. Y. 


T he biochemical estimation of estrogenic substance is admittedly an im- 
portant step in the study of functional disorders of the female genital tract. 
The more general adoption of such hormone studies will depend primarily upon 
the rapidity and simplicity’- of the procedure. The improved apparatus described 
herein meets these r’equirements. The extraction of urinary estx’ogen is com- 
pleted within three hours, and has given us results which compare favorably 
in every way to other methods. 

Prior to 1932, two proeediues were commonly used ; namely, the chloroform 
method of Fraiik and Goldberger,^ and the ethyl acetate method of Clarke and 
Kurzrok.® The latter method has been used in our laboratory for the past five 
years because it proved to be more easily assembled and required less attention. 
The duration in which the droplets of ethyl acetate were in contact with the 
urine was so short that it was necessary to continue the extraction for twenty- 
four to forty-eight hours to secure complete extraction of the estrogenic sub- 
stance. In 1935, Smith and Smitlr^ advocated a benzene method which they 
believed gave a more efficient estrogen assaj^ than chloroform, olive oil, or ethyl 
acetate. The fire hazai-d with benzene requires the extraction to he conducted 
under extreme precautions, a seriorrs handicap to its general use. These authors 
stressed the importance of subjecting the urine to hydrolysis in order to release 
any combined estrogen. It is vei’y likely that this preliminary treatment of the 
urine accounts for the greater efficiency of the Smith and Smith procedure. 

Estrogenic substance is excreted in a combined form to a considerable 
extent in pregnancy urine, and to a much less extent in the urine of nonpregnant 
mature females. In this combined form it is fat-insoluble and biologically inert.-* 
By subjecting the urine to bacterial hydrolysis (permitting the urine to incubate 
for forty-eight hours or remain at room temperature for three days), or by 
boiling the urine with acid (acid hydrolysis), the combined esti’ogen is “freed” 
and made extractable by the fat solvent. 

Our experience with acid hydrolysis of the urine preliminary to using 
the Clarke and Kurzrok set-up was very unsatisfactory because the ethyl acetate 
was broken down into acetic acid by the treated urine. This occurred in spite 
of cooling and nexxtralizing the urine before setting up the extraction. 

•From tlie Department of laboratories, Lebanon Hospital, New Yorlt. 
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In seeking for another method, we combined the advantages of all the afore- 
mentioned procedures and developed the new apparatus sliown in Fig. 1. 

METHOD 

The apparatus is assembled as in Fig. 1 vrith the exception of the condenser 
D. The Erlenmeyer flask is of 100 c.c. capacity and is connected to the arm 
F by a cork stopper. 

Sufficient chloroform is placed into the extractor S to roach a le%-el about 2 
inches higher than the glass disk C. 

Five hundred cubic centimeters of a measured twenty-four-hom- collection 
of urine are acidified with 50 c.c. of concentrated liydrocl\ioric acid, and the 



urine evaporated to one-third its volume by boiling. It is then cooled and poured 
into the extractor B througli a long-stemmed funnel. The urine will form a 
layer above the chloroform. 

Additional chloroform is slowly poured into the extractor B until the 
chloroform is seen to pass through tube E into flask A. Enough chloroform is 
added to allow about 25 c.c. of chloroform to collect in the flask. 

The condenser D is set in place and the cold water turned on. Heat is then 
applied to the extractor and the flask. 

'When, the chloroform in the extractor is brought to a boil, at first it rises 
partly into the layer of urine and slowly drops back again. 'When the tempera- 
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ture of tlie urine is elevated to that of tlie boiling chloroform, the cMoroform will 
bubble vigorously through the layer of urine and vaporize into the column of air 
above where it is reliquefied by the condenser. At this stage an emulsion will 
form between the layer of chloroform and the urine. The flame must now be 
loivered to prevent the emulsion from entering the tube E. Once this point is 
reached the apparatus need not be watched any longer until the extraction is 
completed. 

Wliile the above is taking place, the chloroform in the flask is also being 
vigorously heated. The chloroform vapors fi’om the flask pa.ss through the arm 
F into the extractor and are condensed. The increased volume of chloroform 
in the extractor causes the chloroform at the bottom of the extractor to rise in 
tube E and spill over into the flask. This performance is a continuous one. 

Within two hours all the chloroform-soluble substances of the urine have 
been completely extracted and transferred to the flask. 

The flask is then disconnected. Five cubic centimeters of propylene glycol 
(olive oil or cotton seed oil may be used instead) are added to the chloroform 
extract, and the chloroform driven off by heating over a water bath until no 
odor of chloroform is detected. The remaining extract is used for assay pur- 
poses, 1 e.c. of the extract representing 100 c.c. of urine. 

SUMMARY 

A new apparatus with a high efficiency of extraction of urinary estrogen 
is described. The period of extraction is reduced to less than three hours. The 
method advocated can be readily adopted by any laboratory because of its 
simplicity and its safety. 

The authors wish to express their appreciation to Dr. Joseph C. Ehrlich, Director oE 
Lahoratories, for his helpful assistance in the elaboration of the apparatus described herein. 
We are also indebted to the Empire Laboratory Supply Co., New York City, for their eenerous 
cooperation in the development of the apparatus. 
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THE STABILITY OF KLINE jVNTIGEN EMULSIONS' 


Edward L BnrizRVLr, B S A , and Robert A Greene, Pn D , Tucson, Ariz 


T he Kliiic picciiHtntion test foi sephilis is wideh emploied because of its 
simple technique, .iccuiacj, and iclatncli low cost One tenth millilitei of 
antigen will jicld sunicient antigen cimilsion foi scscial hundied diagnostic 
tests Since the antigen emulsion is eonsidcicd as satisfactoij foi use for only 
fortj eight houis after prepaiation, tlieic aie inaiij lahoiatoiies which will use 
onlj a small poition of the antigen emulsion within this time 

A lot of the diagnostic antigen emulsion was picpared on August 19, 1937, 
and was placed in an icchoN he eiroi The emulsion was discos ered seeeral dajs 
latei and was tested against known positnc and negatne seia, the lesults agreed 
perfecth with those which weic obtained with freshh piepared antigen emul- 
sions This lot of emulsion was stoicd in an icehoN and was checked at frequent 
intenals, reliable results wcie obtained for foin months, aftei that, there was a 
progiessive increase in sensitnity, and at the end of fne months, it gate strongly 
positno reactions with negatne sera In the meantime, other lots of emulsion 
hate been treated in the same wat, and tlicj hate gitcn reliable results for 
relatitely long peiiods 

It would appear that Kline diagnostic antigen emulsions, when stored in an 
loehos, are lelatitely stable and may be used foi at least seteral weelvS Natu- 
lallj, the antigen emulsion should be tested against known positite and negative 
sera piioi to use 


AN INEXPENSIVE PORTABLE ELECTRICAL THERMOMETER FOR 
THE HYPERPYREXIA CLINICt 

I 

I Francis W Bisnon, Rochester, N Y 

i 

1 

IN ROUTINE hj'perpjiexia it is desirable to employ some type of contmuously 
indicating theimometei This is espeeiallt true in the case of prolonged 
feter bouts (ten to twentj foui horns) The use of such an instrument 
spares the patient a gieat deal of tianma and, on the whole, gieatlj facilitates 
the accurate administration of the feser Of the eleetneal instruments for 
this purpose, eithei the theimoconple oi Eic resistance thermometer may ful- 
fil! the leqiurements The principal disadvantages of these devices have been 
the hulk, complexity, and cost For the past six yeais, we have used both 
•From the Arizona State Laboratory Tucson 

tFrom the Department of Medicine Division of Radiology of the Unhersity of Rochester 
'School of Medicine and Dentistry and Strong Memorial Hospital Rochester 
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thermocouple and resistance thermometers for the rectal thermometry, but 
the instrument of our choice has been the resistance thermometer. 

We have attempted to construct a suitable instrument at the lowest pos- 
sible cost, and it is our purpose to describe a resistance thermometer unit 
which may be duplicated in most laboratories for $75.00. One of the principal 
difficulties was to find a galvanometer of the uecessarj^ accuracy and sensitivity 



Fig 1 — The thermometer is shown complete!} assemblefl AOJiistment shafts for Bs and 
R« are in back of case. Note. External finding posts are standard with this galvanometer unless 
otherwise specified 



Fig. 2 — Tins figure shows the steps of assembly of temperature — responsive element and 
split cone-locking device to prevent cable from being pulled out of its housing Winding is 
shellacked and housing filled with wax to reduce thermal lag. 

which was not too expensive. This has been very well met in the G-IM No. 
2562-B pointer-type D'Arsonval galvanometer, costing $20.00 (Fig. 1). This 
instrument has a resistance of 300 ohms, a sensitivity of 0.25 microampere 
per mm. deflection, and a 60 mm. scale division, which is calibrated in degrees 
Centigrade from 36.0° to 42.0°. Each millimeter scale division thus equals 
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01° C Tlie gahanomotei is of the taut suspension type, and is moio ingged 
and less susceptible to damage than the ordinary jcivel beaiing meter They 
maj be obtained in \arious seusitmtics to suit the resistance theimometer 
used The therniomefer bulb itself consists of a coil of nickel baling a resist- 
ance of about 600 ohms (569 21 at 36 0° C to 609 05 at 42 0° C in one case) 
The wire is wound on an insnlating bobbin and is placed in a thin biass hous- 
ing of the pioper size and shape to be retained in the lectnm (Fig 2) This 
item can probably be pin chased oi constructed f or $20 00 oi less In the bridge 
circuit 111 Fig 3, lesistances Ki and R« are Leeds and Noithrup mauganin wire 
unmounted resistois, costing $150 each Rcsistoi Ra is specially wound to 



Pis 3 —Complete wirins diagram ol 1 No 950 Bashlight cell 

« No 1562 G 11 300 ohm pointer type Leeds and Norlhrup No 

1684 unmounted resistor, H, 500 ohm L unmounted resistor Ri 

Leeds and Northrup No 4584S unmount an Rt at p or 36 0 C 

m Leeds and Northrup No 46S4S unmo than Rt at full scale or 

IntP ^S' ^ 6 ohm wire wound radio co , nh^t 

100 ft No 40 nickel wire wound on suitable form— resistance between 500 and 600 ohms Hi 
500 to 1000 Qhtn wire ■wound radio control and Si and S* doubls pole double throw radio tog 
Ble switches 


have a lesistanee of 2)/^ ohms less than the lesistance of the thermometei at 
36 0° C, while resistor R4 is adjusted to 2)4 ohms less than the resistance of 
the thermometer at 42 0° C 

Resistors R^ and Rc are oidinaiy 5 ohm wiie wound tainble ladio ilieo 
stats The shafts of these iheostats aie slotted foi adjustment with a screw 
driver, and once set are not disturbed Vaiiablo rheostat Es is wne wound, 
has a resistance of 500 to 1,000 ohms, and is used to compensate for any 
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change in the battery voltage. Battery “V” consists of one No. 950 flash- 
light cell. The current drain is 2.5 Ma., which should provide some months 
of ordinary use. Flashlight cells are used in order to eliminate anj^ external 
batteries or connections, and so to make the unit entirely portable and self- 
contained. There are two small double-pole, double-throw toggle switches. 
One of these is used to turn the unit off or on and when this switch is in the 
“off” position, the galvanometer is short-circuited. The second switch is 
used to connect either the thermometer or the test resistance to the bridge. 

To calibrate the resistance thermometer, the bulb (E 7 ) is placed in a 
water bath at 36.0° C. The switch is placed in “run” position, and resist- 
ance R 5 is adjusted to bring the galvanometer to zero or 36.0° C. The tem- 
perature of the thermometer is raised to 42.0° C. and resistance Rs is adjusted 
to bring the galvanometer reading to 42.0° C., or full scale. The switch is 
then thrown to “test” position, and resistance Rc is changed until the 
galvanometer reads 42.0° C. Resistances R.-, and Rc are not further changed, 
the galvanometer deflection being standardized at anj’- time simply by throw- 
ing the switch to “test” position, and then, if necessary, b 3 ^ moving the con- 
trol rheostat Es to bring the needle to 42.0° C. The switch is then thrown to 
“run” position, and the galvanometer deflection ivill indicate the temperature 
of the thermometer bulb if its temper-ature is betiveen 36.0° C. and 42.0° C. 

We attempted to use good quality radio resistors throughout, but these 
were so affected by ambient temperature and humidity changes as to be use- 
less. Resistors R 3 and Rc, hoivever, comprise such a small proportion of the 
total resistance as to be negligible in their variations. The other fixed re- 
sistors, El, Es, Rs, and R 4 , should be high quality manganin coils. The re- 
sistances of the arms of the bridge and of the thermometer coil should be 
fairly high in order to keep the drain on the batteiy low. The temperature 
responsive element is connected to the bridge bj" a small flexible three-wire 
cable. This connection shown in Fig. 3, eliminates the effects of changes in 
resistance of the leads with temperature. The unit maj'^ be calibrated in de- 
grees Fahrenheit or Centigrade, and special scales are obtainable from the 
manufacturer of the galvanometer. If temperature control is desired bj'^ 
means of the above-described apparatus, the galvanometer may be substituted 
by the G-M Super-Sensitive D'Ai'sonval galvanometer relaj’’, with no loss of 
sensitivit 3 ’'. This instrument includes the same galvanometer as before, but 
with a S 3 mchronous motor drii'en contacting device, -which may be used with 
a seeondaiy rela 3 ^ for the automatic control of the patient's temperature. 

This unit, in common with other electrical thermometers, will not function 
properl 3 ' wdiere high frequency fields are emplo 3 ’ed to produce the fever. 

A simple electrical thermometer has been described, the cost of which 
brings it within the reach of aiy hyperp 3 ’i’exia clinic. 



THE COJCPLEMENT nXjVTION TE‘5T IN CHANCROIDAL INFECTION* 


Etojftt S S^ndprson, Pit D , JI D , Robfri B Green-butt M D , C M , 
VND Eliz inrTn B \i turf, B A , At oust \ G \ 


C'LSEWHERE' ’ Be ha\c de&ciibcd the lesults ot the skm test, utilizing a 
hacillaij antigen, in the diiteientiation of chancroidal infection Prom a 
clmical standpoint tins test has piotcd icij sitisfaetoij The one drawback, 
if such It maj be called, is duo to the fact tliat tlie test hainig to be lead fortj 
eigiit lioiiis aftci injection of antigen, necessitates a iciisit to the clinic on the 
pait of tile patient Sometimes tins is a haidsliip, and sometimes the patient 
fails to I etui n, with tlie result in such cases tliat tlio test must be lepeated 

Positive skin icaetions in cliaiicioidal infection arc iindoiibtedlj antigen 
antibodi combinations, and so it was felt that some in iitio seiologic test might 
be of equal laliie, and thcicln climiiiale the levisit of the patient Owing to the 
methods no found to be essential in the eultnalion of /I ducreyi, together Trith 
the peculiarities in tlie gioiith of this oigaiiisni, an ngglutiiiatioii test was out 
of tlie question The eomplcniciit fivation tost suggested itself ns an alternative 

METHOBbt 

The coniplcinoiit fixation test adopted utilized two units of antigen, one and 
one half units of complement. Dice of test sei urn, labbit antisheep hemclj-tie 
sjstcm, and adjusted to a total aolume of 2 5 c c avith saline Fixation employed 
the 37° C avater bath throughout one houi pielimmaij, and one half hour 
final Since the antigen was found to be the crux of the whole situation, its 
preparation w ill be described 

The strains of H ducreyi uliieh we had isolated gieiv lerj poorly on the 
siiiface, and it was this obsenatioii which led us to adopt the method of cnltna 
tion and preparation of skin test antigen preaiouslj described* Essentially, 
this consisted of glowing the organism in dcfibiinated human blood added onto 
the surface of infusion agai slants, reducing the oxjgen tension by gently 
heating the side of the tube, and then tightly stoppeimg it After three days’ 
incubation at 37° C, the blood and giowth were leinoied to sterile distilled 
watei and ccntiifugated at high speed The sediment was washed until the 
supernatant w as free of hemoglobin — ^iisuallj twice — and to the final sediment 
was added sterile phjsiologie saline to the extent of 10 e c per agar slant 
The antigen was heated foi f oi tj minutes at 60° C , and 1 10,000 merthiolate 

_ ‘From the Department of Bacteriologi ard Public Health and the Department of 
i’athology School of Medicine t7nlverslt> of Georg-la Augusta 
Beceived for publication March S 19S8 

e studies our attention has been called to a publication by 
sc m«5d 40 409 1932 Nine cases of chancroid "nere studied 
\ Qts were obtained in all Details of methods and technique 

\er tJiat dmelcos vaccine \ias used as the antigen — a prep 
to the American market TTe have reported comparathe 
anl our own preparations and the results uere alwajs 
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Table I 


Complement Fixation Tests 


CASE 

ANTIGEN 
(HUSIAN BLOOD 
GROWTH) 

ANTIGEN 

(rabbit blood 

GROWTH) 

CHANCROID 
SKIN TEST 

FREI TEST 

' REMARKS 

1 

2- 4 negative 

4- 1 

4 plus 

positive 

negative 

Granuloma inguinale 


3-11 negative 

4- 9 

4 plus 



Donovan’s bodies present 


3-25 negative 

4-15 

4 plus 



Pusospiroolietosis 


5- 6 negative 

4-23 

4 plus 






5- 6 

4 plus 




2 

2- 4 negative 



positive 

negative 

Clinically chancroid 


3-11 negative 

— 




Multiple lesions 1-14 

3 

3-11 negative 



positive 

positive 

Chancroid; ulceration for 6 







months 

4 

3-11 negative 

4-23 

4 plus 

positive 

negative 

Chancroid; ulcers a few weeks 



5- 6 

4 plus 




5 

3-11 negative 



positive 

negative 

Clinically chancroid; ulcer at 


3-25 negative 





fourchette 2 weeks 

6 

3-25 negative 



positive 

positive 

Clinically chancroid; bubo 







present; had bubo 1 year 







ago also 

7 

3-25 negative 



negative 

positive 

W.E. became positive after 5 







weeks; hard bubo, probably 







syphilitic 

S 

3-25 negative 

4- 9 

4 plus 

negative 

positive 

Lymphogranuloma venereum 



4-15 

4 plus 



Eectal stricture 



4-23 

4 plus 




9 

3-25 negative 



doubtful 

positive 

Probably lymphogranuloma 







venereum. Ulcer on four- 







chette for 2 weeks 

10 

3-25 negative 

4- 1 

3 plus 

positive 

positive 

Lymphogranuloma venereum 



4- 9 

4 plus 



Perianal abscess 



4-15 

4 plus 






4-23 

4 plus 




11 

3-25 negative 

4- 1 

4 plus 

negative 

positive 

Lymphogranuloma venereum 



4- 9 

4 plus 



Elephantiasis of vulva 



4-23 

4 plus 




13 

3-25 negative 

— 


negative 

positive 

Lymphogranuloma venereum 

14 


4- 1 

negative 

negative 

positive 

Lymphogranuloma venereum 



4- 9 

3 plus 



(rectal) 



4-15 

2 plus 






4-23 

1 plus 




15 


4- 1 

2 plus 

positive 

Ts-eak 

Probably chancroid 



4- 9 

4 plus 




10 


4- 1 

3 plus 

weak 

positive 

Probably lymphogranuloma ve- 



4- 9 

4 plus 



nereum. Multiple small ul- 



4-23 

4 plus 



cers on cervix 

17 


4- 1 

4 plus 

negative 

negative 

Acute G.C. 



4- 9 

4 plus 




IS 


4- 1 

1 plus 

negative 

positive 

Lymphogranuloma venereum. 



4- 9 

4 plus 



Bilateral buboes. Mo primaries 



SANDEnSON FT AL COMPLEMENT FIXATION TEST 


187 


T\blb I — Cont’d 


ANTIGEN ANTIGEN cnWCROlD 

CASE (IIlTJfAN BLOOD (r\DBIT BLOOD BTrrwTrc-P FPEl TEST TEilArnS 

oron-Tir) gpowtii) skin tent 

JO 4 1 ncgntire negnUre positive Clmicallj mdefirute 

4 9 4 plus 
4 23 3 plus 

20 4 14 plus positive positive 'VVassermann 4 plus Clinically 

4 9 4 plus mixture of syphilis, lyonpho 

granuloma venereum, and 
chancroid 

21 4 1 negative positive weak Clinically chancroid 

4 9 negative 

22 4 1 negative poailuc negative Clirucally chancroid 

Multiple pcmlc sores 

23 4 13 plus posituo negative Clinically chancroid, 7 months^ 

duration 

24 4 15 4 plus positive negative Clinically granuloma inguinale 

4 23 4 plus Donovan's bodies present, 

several years' duration 

25 4 15 4 plus weak positive Developed bilateral buboes W 

4 23 1 plus ^ negative then became pos 

itive, probably syphilitic 

26 4 23 1 plus positive negative Clinically chancroid 

27 4 23 4 plus weak positive Clinically granuloma inguinale 

Donovan's bodies present 

28 4 23 3 plus negatne positive Small lesions on cervix 

Fusospirocbetosis 

29 4 20 4 ulus Dositnc negative Chancroid Vuhal lesion 3 10, 

^ bubo 3 15 

31 4 23 1 plus positive negative Chancroid Multiple lesions of 

vulva, first appeared 4 
months ago 

32 5 6 negative 5 6 4 plus positive negative Chancroid Lesions with bubo 

33 5 0 negative 5 0 3 plus positive ? Chancroid Penile lesion nith 

bubo, 1 month 

34 5 0 negative 5 6 4 plus positive positive Chancroid Ducrey’s bacillus 

isolated Labial ulcer for 
9 12 months 

35 5 6 negative 5 6 1 plus positive posiUve Chancroid Ducrcy's bacillus 

isolated. Lesion with bubo 
for 3 weeks 

30 5 G negative 5 6 4 plus negative negative Suspicious Ducrey's bacillus in 

smears Two labial ulcers 
for 2 months 

37 5 6 negative 5 0 4 plus negative positive Lesion on vulva nluch healed 

quickly, probably lympho 
granuloma venereum 
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added as a preservative. The erjdhrocytic stroma gives this antigen a “mnrky” 
appearance, but nevertheless, such preparations have yielded entirely satis- 
factory results in the skin test during the past two years of our observation. 

The antigens for use in the complement fixation tests were prepared as 
above, using the same strains, but with the variation that 5 c.c. of saline per 
slant were substituted for 10 c.e. These antigens were titrated against hyper- 
immune rabbit serum, and although fixation was obtained, it was found that no 
more than two antigenic units could be satisfactorily used because the murkiness 
interfered with the reading of hemolysis. The rabbits were immunized with 
killed cultures, grown in rabbit blood. 

In the preliminary tests on sera from chancroidal patients, the results were 
entirely negative. To corroborate this, as many as possible of our clinic chan- 
croidal patients were rounded up. Tests on their sera were also negative. They 
were also negative in patients who on the basis of a positive skin test had had 
chancroid in the past (Table I) . Later in the course of the studies, an antigen 
made from growth in rabhit blood ivas tested. Positive fixations were obtained. 


Table II 

Complement Fixation Tests Using Hemolxzed, Washed Bed Blood Cell Eesidue as 

Antigens 


CASE* 

RABBIT CELLS 

HUMAN CELLS 

remahks 

1 

4 plus 

negative 

Granuloma inguinale 

4 

4 plus 

negative 

Chancroid 

24 

4 plus 

negative 

Granuloma inguinale (old chancroid) 

27 

4 plus 

negative 

Granuloma inguinale 

32 

4 plus 

negative 

Chancroid 

33 

4 plus 

negative 

Chancroid 

34 

4 plus 

negative 

Chancroid 

35 

2-3 plus 

negative 

Chancroid 

36 

3 plus 

negative 

Chancroid 

37 

4 plus 

negative 

Probably lymphogranuloma venereum 


♦Numbers correspond to those in Table I. 


An additional number of known sera were tested, and as controls some 82 routine 
Wassermann sera from the health department. All of the sera from the chan- 
croidal patients gave complete fixation as did 34 of the controls. The clinical 
histories of the latter were unlmoum, but from our two-year studies on chan- 
croidal infection, it was felt that this apparent high incidence was altogether 
out of line. Still, the discrepancy in the two antigens could not be accounted for. 
Six sera from known chancroidal cases were then tested simultaneously with the 
two antigens ; that made from human blood gave negative fixations, while that 
made from rabbit blood yielded complete fixation in all but two instances — a one 
plus and a three plus. A few tests using tlie rabbit blood antigen were made 
on ward patients liawng negative skin reactions and in whom there was no evi- 
dence past or present of chancroidal infection. Complete fixations were obtained. 
It was evident, therefore, that something inlierent in the antigens made from 
groivth in rabbit blood was responsible for the positive fixations observed. 
To substantiate this opinion, “antigens” ivere prepared using just the washed 
sediment, appropriately diluted, from laked human and rabbit bloods from 
amounts of blood that were customarily added to the agar slants when cultures 




MIU.S MULTipjor I^I^o MAji.ni ron JiLine test 


189 


wcie groHii These jjore tested simiiltanconslj jvitii sera flora si\ Imouii 
chancroidal cases, one old (?) ehancioid and tlnec giamiloma inguinale (Table 
II) The foiiiiei “autigon” ga\c negatuc leactions, Mhcieas the latter ga\e all 
positive The tabbit “antigen,” honcvci, jiclded negative results when tested 
against homologous seinin It is evident, theiefore, that all the fixations obtained 
were undoubtcdlj due to a nonspecific fixation between icsiduo rabbit blood cells 
and human scia 

SUVniVRV VND CONOMiblOSS 

1 Antigens which vveic satisfaetoij in the shin test foi chancioidal infcc 
tion and piopaicd fiom growth m human blood, gave negative lesults when used 
in the eompleineiit fixation test 

2 Antigens picpaicd fioin labbit blood giovvth vielded false positive le 
actions in the complement fixation test, and wcic due appaientlj' to some in 
hermit qualitv of the labbit blood cells 

3 tVith the antigens available, the complement fixation tost was an un 
satisfactoij pioccduic m the diagnosis of chaneioidal infection 

The authors wish to thank Dr \nna D DuHne\ Department of Bicteriolos^ Unhersltj 
of Tennessee Medical School for suppljlne sera and data on •cveral chancroidal cases 
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A MULTIPLE RING JIAKER FOR THE KLINE TEST* 


John H M D , Baltimore, Md 


N UMEROUS dcMces lm\e been debcubed to tacihtate the peiioimance o± 
the Kline test ^ - A rigid biass multiple ring makei has been found to 
reduce the time required to make t)ie paiallin iings foi the Khne diagnostic 
and exclusion tests 

Cut ta^elve one inch lengths of biass tubing 16 mm (% inch) outside 
diameter and about 1 2 mm ■\\ ali thickness The tubmg should be cut 
squarely, prefeiably by a meclmnical hack san These shoit biass tubes are 
soMeied to a lieavj brass plate (%2 to % thick) This biass plate should 
he of the same size as the glass slides used ui the test The position in ^vhlch 
the brass tubes are soldered to the brass plate should correspond to the 
desired position of the paraffin rings on the Kline slide, usually three rows of 

•From the Unlversiti Hospital and CoUege of Medicine University of Maryland Balti- 
more 
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four tubes. Space is saved if the roivs are somewhat staggered. There must 
be a space between tubes, so that an excessive amount of paraffin is not held 
at the point of contact between tubes. 

After soldering in place on the brass plate, the free surface of the bank 
of tubes is dressed with a file till the ends of the tubes are in the same plane. 
Further grinding to a plane surface is accomplished by rubbing on emery 
paper which has been glued to plate glass to prevent buckling. Final grind- 
ing is accomplished by rubbing the surface of the bank of tubes on plate glass 
sprinkled with emery powder, being careful not to tip the instrument at any 
time during the grinding to avoid grinding more off of the edges than the 
center. "When completed, the free ends of the brass tubes should all make 
contact with a plane surface throughout their entire circumference. 

To furnish a vent, a small hole is drilled through the plate in the center 
of each tube. A heat-resisting handle, such as a balcelite radiator valve handle, 
is fastened by a screw to the top of the plate to complete the instrument, which 
when finished resembles a rubber stamp in appearance (Fig. 1). 



It is used in a similar fashion to a rubber stamp by dipping the instru- 
ment into melted paraffin (about 80° C.), allowing the stamp to become warm, 
shaking off the excess paraffin, and then transferring to the Kline slide. 

The resulting height and width of the paraffin ring is regulated by ad- 
justing the temperature of the paimffin, the temperature of the brass stamp 
itself, the depth to which the stamp is immersed in the paraffin bath, the tem- 
perature of the glass slide to which the transfer is made, and the time inter- 
vening between removal of the stamp from the paraffin bath and its applica- 
tion to the slide. Practice will enable the user to determine the most satis- 
factory conditions for use. 

This ring maker possesses the advantage of perfect rigidity. If the sur- 
face of the ends of the brass tube becomes marred, it is easily resurfaced by 
repeating the grinding with emery as above described. 

It has also been found useful to control the radius of rotation of the tray 
containing the Kline slides by^ the simple method of fitting a small short peg 
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into tlic bottom oC the Ixaj Tins peg fits mto a laigo bole m a boaid placed 
on the table oi, if desned, into a hole in the laboiatoij table itself The 
ladius of the peg, nhen subtracted fiom the ladms of the hole, will gne the 
radius of rotation In operation the small peg is made to tint el around the 
ciicumfeieiice of the laige hole, thus liniitnig the radius of rotation This 
pret ents the othei u ise frequent spilling of the contents of the rings 
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TRIAXIiVL COKREIiATIOiN OP UEJLVTOLOGIC INDICES 
ITS SIGNIFICANCE IN CLASSIFICATION AND TREATMENT 
OP ANEMIAS'^ 


Katscji Kato, si D , Ps D , Chicago, III 


'T’HE impoitance of hematologic iiulicos lu the diagnosis and treatment of 
anemias is now so well established in eliiiical praotioo that ei en a eursorj 
discussion of the subject maj seem superfluous, jet the definite relationship 
existmg between the eolor, lolume, and saturation indices is but vaguelj 
appreciated by the ateiage elmiciaii The exposition of fundamental princi 
pies involved in the application and mterpretation of index numbers as given 
inmost hematologic textbooks is tuiavoidablj vitiated b> pages of avvhward 
equations that are liaidlj inviting to the ejes of busj pi actitioners To offset 
this shortcoming, a feu authois, paitieulailj' Osgood (1927, 1935), have con 
strneted tables and chaits whetebj the indieial figures may be obtained at a 
glance without resoiting to tedious though simple arithmetic That these 
three indices are, as a matter of fact, mutuallj interdependent and, therefoie, 
amenable to a simple mathematical coi relation faj means of a suitable graphic 
method has never been pointed out ev eii bj hematologists The graphic chart 
heie presented is an attempt to offer a simple accurate, and practical corre 
lation of the indices, with special reference to classification and treatment 
of anemias 

Each of the three major hematologic indices of diagnostic importance, 
the color index (Hajein, 1878), the volume index (Capps, 1903), and the 
saturation index (Haden, 1923), is cxpiessed m relative numbers, the unit 1 0 
representmg the value for a normal blood picture Upon mathematical 
manipulation of indioial values under both noimal and pathologic conditions, 
a complete and rather constant relationship is found to exist between them 

*FtQm the Department ct Pediatries VntversHp ot Chicag-o 
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This interrelatioDsIlip is elearij' demonstrable when the indieial values are 
expressed in their logarithmic equivalents. 

Thus, since 

X 



in -which s i-epresents the value for the color index, y the volume index, and 
z the saturation index, 

log z = log X - log y, 

therefore, log x - log y - log z = 0. 

This is an equation of the general form; 

ax -f by + cz = K, 

in which the three variables are mutually related and can be expressed on 
the triaxial chart, as Hastings and his co-workers (1931, 1934) have done in 



Pig. 1. 


their studies on the acid-base balance of the blood under normal and experi- 
mental conditions. Hematologic data as converted into index numbers are 
likewise suitable for plotting on triaxial coordinate pajrers. 

coxsTRUcrroK op the triaxiaii chart 

The triaxial chart (Pig. 1) here presented is so constructed, following 
the general proeedui'e as employed by Hastings and Steinhaus (1931), that 
the three axial lines eonnectiug the six corners of the hexagon represent the 
ideal normal values for color index, volume index, and saturation index, re- 
spectively, and all meeting at a point in the geometric center. This point. 
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thciefoie, icjHesents the imifoim \aluc ol I 0 foi all tliiee inclices, fiom Mhicli 
(IcMations ot ± 0 1 ,ue ciistoinauh iiganled as being Mithm the noimal 
limits This iniigc of iioimnl laiiatjons is lepieseiitecl hi a sinallei he-sagoii 
eiicloscft bj heaij hues iiithiii tlie ccntei of the chail tsee Fig 2) The axis 
comiectuig II ami VIII o’tlmk lepiesents the iiulieial saluc of 1 0 for the 
color index, and the paiallcl lines, Iiotli ahoic and below this axis, denote 
the xaning degiees of giadnation as induated on tht left and light maigins 
ol the cbait, respectneh lahenise, the axial line passing in the diieetioii 
of IV and X o’clock, indicates the laliie of 1 0 foi the loliimo index, nitli siini- 
laih 1 ailing giaduafions both aboie and belon in paiallel lines The normal 
lalite ot 1 0 foi the satuiatioii index mns m the leitical diicctioii of and 
XII o’clock, with its sets of paiallel hues on eitliii side of the mam axis 

The inaigmal figures of the hexagonal chnit lepicsent thice sets of lela 
tiie iiiiinbcrs coiiespondmg to the thiec indices, each set being expressed 
ni exactlj compaiablc xalucs, ranging fioin 05 to 20, with 10 at the axial 



positions The logauthinie i allies are placed at regulai and exenly spaced 
interials on the chait (Fig 2 A), and the nidicial numbeis correspond each 
to Its OMii logarithmic eqnixalent (Pig 2 B) The actual portion of the 
coordinate field utilized for the present chait is demarcated bj beai-j- lines at 
the top of the original chait 

Thus, the tiiaxial ehait as applied to indicial numbers is a stiictlj ac 
curate mathematical expression of the actual mtei i elationslup existing be 
tireen the tbiee indices The mam adiaiitage of the cbait is its conxemeaee 
m locating the nidicial position of a giien blood pictiiie, uitli special refer 
ence to its hematologic classification, and in recoidmg the progress of the 
anemia under therapeutic management, as uell as in detci mining its satnra 
tion index These features distinguish the triaxial coordinate chait heie pre 
seated from the simple calculation ehait of Osgood (1927, 1935) 

In the practical use of the ehait for hematologic diagnosis the color and 
xohime indices aie fust calculated fiom actual determination of icd cell eoinit 
Per cubic inilhmetei of blood, of the amount of liemoglobni m grams per 
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100 e.e., and of tlie volnine of packed cells in percentage of tlie whole blood * 
Since the saturation index is a quotient obtained by dividing the color index 
by the volume index, its grapiiic position can be automatically located on the 
chart once the color and volume indices are known. TJiis obviates the neces- 
sity of calculating the saturation index separately. 


NORMAL AND ARBITRARY STANDARDS 

The calculation of hematologic indices requires the use of certain stand- 
ards which may be either actual figures representing average values obtained 
from observations on normal individuals, or some simple round figures arbi- 
trarily selected for convenience in calculation. Some authors (Osgood, Has- 
kins, and Trotman, 1932) Justly emphasize the fact that the standards with 
which any pathologic blood is to be compared must be actual average values 


Macrocytic Macrocyti^ 
liyperchromic HgpercKromic 
^iyperpfenic Hypoplenic^ 

nypercKromic 1 Hypocbrwnic 

I'^icrocytic Microcytic 
Hypochromic Hypochromic 
^yperplenic Hypoptenic^ 


Fiff. 3. 


obtained from normal individuals of the patient’s own age and sex group. 
This is entirelj^ correct, especially if the comparison is to be made directly in 
absolute numbers. Such a set of average figures, which at least in certain 
age groups are available, may be designated as normal standards. It goes 
without saying that such standards must be derived fi’om the most extensive 
observations on very large groups of normal individuals. 

As a matter of fact, however, in the calculation of hematologic indices 
actual average figures of normal values are not absolutely necessaiy, inasmuch 
as the indicial numbers are always but relative in nature. Any round num- 
bers which are fairly representative of the normal average values and at the 
same time simple enough for ready calculations can be used for this purpose 


•In working with inf.Tnt.'; .md small animal.s. in wliich eapillao' Wood i.s more readlB 
obtainable than is venous blood, the use of a recentlj- devised microhomopipetto (Rato) requn 
inc oniv 0.05 e.e. of oxalated blood is recommended for the determination of cell volume 
LAB. & Cux. MED. 23: SSO, 193S). If venous blood is available, other tj-pes of hematocrit, usi^ 
larger amounts of blood, are satisfactorj-. In either case the proportion of oxalate to tnc 
should be 1:500 (or 1 mgr. per 0.5 c.c.). 
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Mith complete satisfaction These standards, called arbitral j standards, maj 
thus be lognidcd as common fatlois -nliich, nlien consistent!}' used through- 
out all eakulations, mil } leld stricth compniable ituhees It is at once clear 
then that the use of simple aihitiai\ staiidaids as common faetois in uidicial 
equations is pieferable to emplo>inent of the inoic complex and consequently 
more tioublcsome sets of actual noimal standaids The follomng set of 
figmes, uiiifoinil} cinplojed in all cahulations aie eustomaril} regarded as 
arbitrarj standaids, each lepiesenfiiig the cqunalcnt of 100 per cent as normal 

Hi} throe} tes 5 00 (Xoimal lange 4 50 5 50} 

(millions pel c mm ) 

Heinoglohin 15 0 (Xoimal langc 14 016 0) 

(gm pel 100 c c ) 

racked cell lolumc 45 0 (Xoimal lange 40 0 48 0) 

(per 100 e e } 

The aboie standaids aio louiid fignies nbieh maintain a lather simple rela- 
tion to each otlier, so that tlic cahnlation of indnes is eonsideiabl} simplified, 
as slionn in the folloniug paiagiapli 


c\rctu\T7o\ 01 iNorrrs 


Using tlie set of aibitiar} standaids as recommended in the piecediug 
paragraph, the calculation of hematologic indices niny be obtained by means 
of the following equations 


(1) Coloi Iiidcv 


Hemoglobin (grams pei cent) 
Hn throe} tes x 3 


in ivhich the factoi 3 has been dciucd fiora the latio that the figure 15 0 
(arbitzai} staiidaid foi hemoglobin) maintains to the figuie 5 00 (aibitrary 
standard for erythroc}tes) 


(2) 


Volume Index — 


Packed cell \ohime fper cent) 
El} thioc} tes X 9 


where the factoi 9 has been obtained fiom the latio that the figure 45 0 
(arbitiai} standaid foi packed cell volume) maintains to the figure 5 00 
(arbitrar} standaid foi ei} tlnoo tes) 

The coipuscnlai xalues of Wiiitiobc (1932 1933) raaj also be conveited 
into standard index numheis by use of the following equations 


( 1 ) 


Color Index = 


Coipuscular hemoglobin (C H ) 
30 


in ivbicli the denoininatoi 30 is the arbitiaii standaid foi mean corpuscular 
hemoglobin in average noimal jndixiduals, as expiessed in mieromicrograms 


(2) Volume Index ^ 


Coipuscular xolume (C V ) 
90 


iiheie the denominatoi 90 is the aibitiaij standaid foi normal mean corpus 
cular -volume expiessed in cubic microns 


(3) Satuiation Index ~ 


Corpuscular hemoglobin x 3 
Coipuscular -volume 
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in wiufU tJu' fov'tw o i-epxi'soir.s: tlu' ratio that the figure 30 (arbitrary staiid- 
artl for iionual luean eorpnseular hemoglobin) maintains to the figure 90 
(ai'bitrary standard for normal mean corpuscular volume). 

ClASSiriCATION OP ANEMIAS BY THE TBIAXIAE CHAKT 

The triaxial chart here presented may also be used for the purpose of 
aceuratoly placing various types of anemias according to their indicial char- 
act eristics. The three axial lines serve as precise boundaries separating the 
six groups (Fig. 2). In the geometric center of the chart is a small liexagoii 
which represents the limits of variations in normal blood, while the peripheral 
triangles classif}' the anemias with all the possible combinations of indicial 
chavnet eristics. The terms macrocytic and microcytic customarily refer to 
the dimensional qualities of erythrocytes; hence macrocytic anemias have 
relatively higher volume index than the microcytic. Hypei*- and hypochromic 
unemias are distinguishable primarily on the basis of color index values. The 
1erm,s hyper- and liypoplenie, used for the first time as far as the writer is 
aware, refer to the degree of saturation of erythrocytes with hemoglobin as 
determined bj' the saturation index. Incidentally, as noted by Capps (1903), 
supersaturation of erythrocytes with the pigment very seldom, if ever, occurs. 
A low saturation index usually suggests an anemia due to chronic blood loss 
(Osgood, 1926). 

The elassifieation of anemias here evolved by means of the triaxial chart 
offers a definite aid in determining rational and specific therapy for each 
group. It is now known that macrocytic types of anemia respond favorably 
to liver and liver substitutes, while iron is the specific for the microcytic types, 
It is also clear that the anemia characterized by a combination of macroeytosis 
and hypochromia-requires both iron and liver. Anemias with saturation index 
above 1,1, though extremely rare, respond poorly to any type of treatment, 
since this group postulates a lughly abnormal developmental anomaly in 
erythropoiesis. It is quite conceivable, however, that it is this latter group 
of anemias Avhich requires such therapeutic adjuncts as vitamins, iron catalysts, 
and other ‘marrow stimulants, as well as additional substances directly or in- 
directly concerned in the formation of erythrocytes and hemoglobin. 

The triaxial chart is, furthermore, well adapted for recording the course 
of progress under treatment. As a rule, the moi’e severe the degree of anemia 
the more peripheral is the position of the blood picture on the chart. Under 
speeifie and effective therapy the indicial position of the blood will move 
toward the center, thereby indicating its return to the noimal. 

SUMMARY 

A triaxial' chart correlating the color inde.\', volume incle.v, and saturation 
index, togetlier with simplified equations for calculation of the.se indices, is 
presented. An accurate hematologic classification of all types of anemia, so 
essojitial a found fion for rational therapy, is made possible by this chart. 

’so afford'. oplc and convenient method for recording the changes in 
^ex vain* influenced by specific treatment. 
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1 DETl:J^II^ATIO^ OP Blood Ikon A^D Hemoglobin 
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INTRODUCTION 

luaccuracy of the eye in matebmg the intensity of colors is only too 
well known Tins difficulty is not so maiKed in the blue pxuple end of the 
color scale, but is quite proiiouziccd in the red yelloxr part Also, the human 
eye is subject to the many sanations of any oigan of tho body% the "variation 
being even moie accentuated with diderent individuals Consequently , eye 
colorimetry, even in the blue end of the oolor scale, is far from being all that 
Blight be desued, and iii the red pait is often entacly unsatisfactory 

The photoelectric cell, however (which is essentially an eleetiie eye), 
does not measuie the intensity^ of colors as such, but incasuics only the degree 
of tiansmission of light, theiefoie, it renets siunlaily to all colors even though 
It is somewhat more sensitive to the blue and purple shades It is not subject 
to the vaiiations of the human eye, having an aceiuacy chaiacteristic of 

'From the Departments of PathoJogj and Phjslolosi W'est Virginia University Medical 
School Morgantown 

Recehed for publication March IS 1938 
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electrical instruments in general. Its introduction into tlie field o£ colorim- 
etry lias, therefore, been an important step, and augurs an era of more ac- 
curate chemical analysts in biological work. 

In general there ai'e two types of photoelectric colorimeters: those hav- 
ing one and those having two photoelectric cells. The one-cell instrumehts 
consist essentially of a photoelectric cell, a source of light of constant in- 
tensity (requiring a storage battei-y for its production), and a cup of stand- 
ard size for interposing the solution to be tested between the light and the 
cell. Readings are taken with a set of standard solutions, and a curve 
plotted j the concentration of the unknown is then obtained bj^ the location of 
its reading on the pi'epared graph. The “readings” may simply be the output 
of the photoelectric cell in amperes with different intensities of light; they 
maj^ consist of the variation in the amount of light (by a calibrated shutter) 
or the electrical resistance necessary to keep the output of the cell constant 
with different color intensities. Such instruments ai’e described by Kesten 
and Zueker,^ Sheard and Sanford, -'■* Ellis, ^ Evelyn,® Lebowich,'^ and others, 
hlost of these workers employ the use of radio vacuum tubes and accessory 
battei'ies, or the use of galvanometers and other electiucal material. The use 
of filters is advocated by some worker's to “blot out” the parts of the spec- 
trum not occupied by the color being measured. 

The chief advantages of single-cell instruments are their simplicity in 
construction, their relatively low cost, and their ease of adaptability to the 
use of filters. Their disadvantages lie in the need for a constant source of 
light (furnished only by a battery'), and the fact that fatigue of the cell and 
variations due to temperature changes, directly (and measurably) affect the 
colorimeter readings. 


The two-cell instruments consist essentially of two photoelectric cells, a 
source of light (falling simultaneously upon both cells), a standard cup fon 
interposing colored solutions, and some arrangement for measuring the 
changes in the system produced by different intensities of colors. The ad- 
vantages of this type of apparatus are -. first, the source of light need not he 
absolutely constant (eliminating the storage battery) since variations in the 
light affect both cells similarly; and second, the readings are taken by balanc- 
ing the cells against each other by the use of a sensitive galvanometer (null- 
point method). The null-point method largely eliminates the errors arising 
from an inconstant light source, temperature changes, and cell fatigue. The 
instruments can also be adapted to a wider variety of uses, and the readings 
can be duplicated with different instruments. 


Such instruments have been described by Exton®-i® and Goudsroit and 
Summerson.^^ In Exton’s instruments the two cells are connected to a gal- 
vanometer by suitable resistances, and the readings made as the amount o 
light (determined by the use of a calibrated shutter) necessary to keep th® 
galvanometer reading constant when colored solutions are placed in the cup- 
The values for known solutions are plotted on a graph against the concen 
tration. and the curve used to make the unknown determinations. In 
last instrument^® the cells are mounted at 180° angles to each other, and th® 
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liglit source is cnpable of being moved from one side to the other to produce 
<T null-point reading on the galvanometer. Tliis allows the direct comparison 
of standards and iinhnowns. Goudsmit and Sunmierson’s instruments^ is 
arranged like an ordinary colorimeter, with the eye being replaced by two 
photoelectric cells connected by suitable circuits to a galvanometer. The 
readings are taken by adjusting the 'depth of flic coloi’cd solution in each cup 
until the galvanometer is at 0, indicating that the conduction of light (in- 
tensity of color) through each column of liquid is the same. 

Although the null-point instruments are more desirable than the one-cell 
type, the initial cost is larger, and tlioy present more difficulties to the use 
of filters. Our investigation of photoelectric colorimeters led us, therefore, 



FIe:. 1. — Complete photoelectric colorimeter (without voltase regulator). 


to ptirchase an instrument made by the Einier and Amend Co. of New York* 
(see Fig. i). This apparatus ib composed of two photoelectric cells using the 
same light source, the currents from tlie cells being balanced by a potenti- 
ometer (instead of adjusting tlie depth of the solutioid^ or by a shutter ar- 
rangement^'^o). The most important feature is that the Brst cell is circular in 
shape and surrounds the beam of light going to the second cell. In this way 
ojic filter can he interposed between the light source and both cells, rendering 
the use of filters a very simple matter. Keadings are made directly as per 
cent conduetion of light, by means of a suitable potentiometer (Weston). 
The cells are selenium on iron , they are quite stable and emit two or three 

•The circuit Js simple and the entire apparatus (except the potentiometer) can be easily 
conctriicted fav anyone wishing to go to such trouble. The instrument made bv Eimcr and 
Amend has. however, proved satisfactory, and tlicy have generously provided us with 

much of the information about the instrument iliat is given in this report. 
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times the amount of current given by most of the cells in current use. The 
instrument is also arranged for nephelometiy by an- adjustment of the second 
cell. The actual circuit is not given, but it consists essentially of two photo- 
electric cells connected to a galvanometer by a modified wheatstone bridge 
arrangement, the Amriable resistance being calibrated to read per cent con- 
duction of light. ' 

In the operation of the apparatus, the instrument is first allowed to 
“heat up” for fifteen to twentj' minutes (for accurate work) in order to allow 
the outiiut of the cells to become constant. The output of the first cell is then 
adjusted to some definite Amlue, and the tivo cells balanced with ivater (or a 
blank of the reagents) in the iuteriiosed cup. Then the cup is filled ivith the 
unknown solution, and the per cent of conduction observed by again balanc- 
ing the colorimeter. A graph is first plotted ivith solutions of knoivn con- 
centrations, and the concentration of the unknoAvns taken directly from the 
curve. 

Suitable filters abet the determinations of most red, yellow, and green 
colors. "We haA'e used "Wratten filters exclnsivelj’, and liaA'e had occasion to 
use oulj^ numbers 63, 47, and 29. These filters have not shoivn any measur- 
able change with one year of use. 

The use of a Amltage regulator is desirable if the line voltage is irregular, 
especiallj" when filters are employed. The location of the cells at different 
distances from the source of light causes a slight variation in the output of 
the cells, ivith variations in the intensity of the light. When filters are not 
used, the intensity of the light (as measured by the current output of the 
cii’cular cell, and udiose output must be kept constant) can be easily regulated 
by the rheostat on the instrument itself. If a filter is used, the photoelectric 
cell output is too small to be read accurately, and accurate values are best 
obtained by keeping the I'oltage coming into the machine constant by means 
of a A'oltage regulator. 

The use of tivo solution cups may be desirable: one for the blank of 
reagents (or ivater) and one for the unkiiOAvn solutions. However, these cups 
must be kept extremely clean (soap and water), as iiiA’isible traces of pigment 
dried on the surface of the cups affect the colorimeter readings measurably. 
This precaution may be neglected if only one cup is used for all solutions. 

EXPERIMENTAL 

In this work we used the photoelectric colorimeter described above. The 
slot for the use of filtei’s had to be slightly enlarged to alloiv the use of Wratten 
filters. A A’oltage regulator Avas found essential as our current supply Avas 
quite inconstant. Filters were used to “spread” the eonductmty readings 
OA'er more of the scale, and a number 47 Wratten filter (gelatin) Avas found 
most suitable for both blood iron and hemoglobin curves. 

Hemoglobin was determined by estimating blood iron, using the nietno 
and curve beloAV (Fig. 2), and the hemoglobin A’alues plotted against the con 
duction figures obtained from Avater dilutions (1:400) of Aidiole blood (sani^ 
sample). The cmwe (Fig. 3) A\'as then drawn through the points plottec- 
The actual procedures in making the detemninations are given beloAV. 
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Uctiwil foi Blood Iron —Pi inciple Tins is the method of Woiig>- adapted 
to the pliotoeleetuc coloumctci The non m the Wood w hbetated -erth con 
cenfrafcd siilfuuo acid, o\idi?cd to tlie feme state luth potassium persulfate, 
and the eoloi clo\ eloped nith potassiiiin thiocj aiinte Tlie eiine (Pig 2) was 
prepared bj substitiitiiip: stnudaid solutions of piiic feme iron foi the blood 
filtrate, and plotting the mines 

Proccthiic Intiodiicc 1 e c of ticll nii\ed oxalated blood into a 100 ec 
lolumetiic flash, add 4 c c of conceiitiated 11.804 (shahing -nell all the time), 
and allow to stand at least one to two iniuiitos Add 4 ec of a saturated solii 
tioii of potassium persulfate (KjS-Or)” and shake Cool nndci the cold water 



- ~-The light conduction of ferric thlocyanite «;olutIcins The conduction of ferric 
1 of \ crying concentrations has been plotted against the equivalent hemo 

gloom value (as calculated from the knorsn Iron content> 


tap, and add (cautiouslj to present foaming) distilled tvater to witlim 5 to 
10 c c of tlie maik Then add 4 c c of 10 per cent NaOH, dilute to the mark, 
and nns -well 

Filter through non free filter paper ("Whatman No 40 is satisfactory) 
Transfer 20 e c of this filtiatet to a 25 c e \olumetric flask, add 1 c c of potas 
Slum persulfate, and dilute to the mark with appiosimatelj 3 N potassium 
tlnocyanate f Mis well 


tin&fi about 4 gm of pure potassium persulfate to 100 c c of warm dla- 

nued water shaking well and allowing the excess salt to settle out 

tlf standard iron solutions arc used the procedure la started at this point 

up touofiT milcr n'^fentlre^Tdelr''' 
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The colorimeter should have been turned on about fifteen to twenty 
minutes before starting the experiment to allow it to “heat up." Fill the 
sample cup with pure water, adjust the line voltage to some convenient figure 
(112) by means of a voltage regulator, and then set the current coming from 
the instrument at 0.40 milliamperes (the latter is imperative). Now insert a 
No. 47 Wratten filter (2 indies square), and set the instrument at 100. Bal- 
ance the two cells, keeping the entering voltage at 112 volts."" 

Noiv fill the cup (it is convenient to have two cups, one for the blank and 
one for the uukuoun sample) with the sample prepared above, and determine 
the percentage of conduction. By using the cmwe in Pig. 2, the hemoglobin 
is read off directly, and the blood iron is found bj’^ multiplying by 0.00335. 



Fie. 3. Fig. 4. 

Fig. 3. — The light conduction of hemoglobin solutions. The conduction of whole blood 
diluted 1-400 -with distilled -svater is plotted against the actual hemoglobin concentration. 

Fig 4 — Comparison of the conduction curves of different concentrations of hemoglob n 
without a filter and with Wratten filters 74 and 47. 


Direct Method for Hemoglohhi. — Procedure. Using a 0.05 c.c. pipcl*® 
(graduated to contain),! transfer 0.05 c.c. of oxalated or finger-tip blood to 
exactly’ 20 c c. of distilled water,! and wash the pipette with the solution 

•Wrhen filters are not used, the current in the coiornneter can be kept at 0.40 
by the rheostat on the machine However, when a filter is employed, the cut rent 
by the photoelectric cells is too small to accurately measure, and a constant cell oWP ). 

maintained by first adjusting the current from the electno cell to some value C0.40 
noting the voltage, and keeping the entering voltage at tins figure all through the determiiw 

fWe obtained such pipettes from the Fisher Scientific Co. A larger pipette can jC5 
just so the dilution is 1 400. Care must be taken not to draw the blood verj- far P®®! “ 
c.c. mark, as the blood sticking to the side of the pipette introduces an appreciable error. 

tSheard and Sanfordii- ’ diluted the blood 1 :200 with 0.1 per cent NaiCoi TUpro- 
precipitatlon of proteins. We have found a dilution of 1 ;400 to give more consistent ana ' 
ducible results. At this dilution the slight haziness of any precipitated proteins is m-t. s 
and a special solution for dilution seems to be unneoessarj-. 
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20 *^ 

tliree or four times bj siiclving it up into the pipette Do not blow tlirough 
the solution Tins makes a dilution of 1 400 Allow to stand one to two 
inimites (it inaj stand four hours) and lead the conduction lu the photo 
electric colorimeter The instiument is picMOUslj set at 100 with water m 
the Clip, using a Xo 47 filtei as bcfoie The cunent from the cells is kept «'it 
0 40 milliampcies (without the filtei) h\ adjusting the enteiing line ^oltage 
to the correct amount Fiom Fig 3 the hemoglobin is obtained chieetlj The 
wliolc procedure takes about tnc minutes 

lypes of Filtos — The "W ratten filtei letommended bj Kennedj^^ for 
hemoglobin measuiomcnts (using a dnoct dilution of blood) is No 74 — a 
green filtei Expeiimciitation, however, showed the blue \o 47 filter to be 
distinctly better In Fig 4 is shown a compauson between tbe transmission 
of plain diluted liemoglobin and that when Nos 74 and 47 filters are used 
It is obMOus that a larger amount of the scale ol absoiption is used with the 
blue filtei Anothei point m fa\oi of the 47 liltei is tint it conducts 
moie light, and is, therefoie, more sensitise to changes in conduction, gniug 
more accurate leadings In fact, we ha\e found this filter to be best in neaily 
eien determination where led or reddish colors mo to be matched 

Taoix I 
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•These figiires tvere arrl\ed at b> squarlre each error and taking: the square root of the 
‘•'‘‘lage of the ■aqii'iretl errors W t ha\c referred to this ^aUle as the a\eraEe error 

Co)» 2 i(msoH of Ilcmoglohm Vabies — lu Table I is gnen for compauson 
the hemoglobin of 28 normal and pathologic subjects using (a) the blood iron 
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method (as standard of reference), (b) the direct photoelectric method just 
described, and (c) the Sahli-Hellig heinoglobinomet-er (prism type). The 
blood iron determinations were made in duplicate, and the Sahli determina- 
tions carried out by one very skilled in handling the instrument. The mean 
values for all, together with the “average error" are given at the end of 
the table. 

DISCUSSION OP RESULTS 

It can be seen bj*^ the table that the agreement of all three of the hemoglobin 
methods is quite close. Part of the reason for the Sahli-Hellig values follow- 
ing those for the blood iron so well was due to the determinations being made 
by one very skillful in handling the instrument. In the hands of the average 
individual (and in our own hands), such excellent agreement is not obtained. 
Notwithstanding the close correlation of the Sahli-Hellig and blood iron 
figures, the “average error”'- (blood iron values taken as a standard of refer- 
ence) is more than twice as large with the Sahli-Hellig as ivith the direct 
photoelectric method. In other words, the photoelectric method is consider- 
ablj' more accurate. The Newcomber disc method was tried in a few cases, 
but since the values did not check those for the blood iron as wmll as those 
from the Sahli, the values are not included. 

The advantages of the direct photoelectric method are chiefly as follows: 
(1) It is very rapid. For a single determination it takes as much time as the 
Sahli type of instniment, but with a series of determinations it saves con- 
siderable time. (2) The readings need not be made for three to four hours 
after the dilution with water, and they can be made at once. The blood itself 
can stand at least two or three hours with no appreciable change in the 
hemoglobin values. (3) Errors arising from waiting too long or too short a 
time (and such are present in all rapid acid hematin methods) are entirely 
eliminated. (4) The values are reproducible — to the third significant figure 
with accurate measurement of the blood and handling of the instrument. 
Of course, it is obvious that such an expensive piece of apparatus could not 
be purchased for the determination of hemoglobin alone, but previous work 
(and the rest of the papers of this series) shows the advantages of using « 
photoelectric colorimeter in nearly all pathologic chemistry methods. 

A point that immediately arises is whether or not the curve given for 
hemoglobin (Pig. 3) could be used by another operator on another instrument 
with another filter, or would each laboratoiy worker have to construct b'S 
own curve. It is true that the latter method ivould undoubtedly be safest 
and best, but since it occupies considerable time it is our belief that such 
efltort may be unnecessary. While we have not had an opportunity to trj 
this curve on another instrument, the fact that the null-point method o 
making the readings is emplojmd makes it almost certain that there will he 
little difference between similar instruments.! Two different filters (sao’® 

‘The "average error" -svas found by taking the square root of the average of 
of the individual errors. This error (ngure) actually means that in tsvo-thirds of an uk 
nations made, the actual error in grams ■n-ill be less than this amount. 

fExton® states that the plotted curve can be used -svith different instruments (hj® 
tj-pe), -with an error of less than 5 per cent, W'e believe this -svill also hold true 
instrument that "sve used. 
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iiumbei)^ ea\e the same -values, likewise diftcient cups (these cups aie guai 
anteeci b\ the inaniifactuici to be within 0 005 em of 1 0 cm m thickness, 
making the gieatcst possible ciroi less than 0 5 pei cent) Of course some 
practice is iietessaij to make the most atcuiale leadings, but as soon as one 
becomes familial with the iiistrument he is soon iiiipiessed with the ease of 
iiiaiiipulatioii and high degicc of aiciiiaci in the duplu-atioii of coiiductnitj 
leadings One thing is certain a faiili a<<niatc ciiiie for heitioglobni can 
be toiistiiKtcd b) each iiidiMdual in a taiih shoit time, iii the same manner 
that we made oiiis* 

111 regard to the blood non method, consideiable cvpeiimental work 
showed us that the use ot a curie (Pig 2) giies much moie aceuiate lesults 
than the use of simultaneous standards In fact, iiiiich of out eailiei work 
was discarded foi the icasoii that the non was detei mined hj siiiiiiltaiieous 
coinpaiisoii with standard solutions It is eeitanili a iinuh iiioie rapid pro 
eeduie, and alwajs gnes icsiilts tliat check within the limits of the accuracj 
of the nieasuiemeiits AYe haic found AVoiig s method quite satisfactoij , but 
we belieie that some of the nowoi methods (iiotabli tliat of Coombs’'' oi of 
Niedeihaiiseni and Peiiainii' ') mai haie additional adiaiitages and eien he 
more aceuiate 

SUMirARV 

1 A rapid method foi the detei minatioii of hcmoglohiii is desoiibed, 
whereby the light coiidnetioii of a waterj solution of whole blood is detei- 
mmed with a photoeleotiio coloiimetei, and the conceiitiation of hemoglobin 
IS read diiectlj fiom a giaph The method seems to be more accurate than 
the usual aoid heiiiatiiv methods, and is mneh more lapid where a largo num- 
ber of samples are being aiialj zed 

2 The determination of blood non b> the nsc of the photoelectric color- 
imeter IS also outlined, and a cuise gnen to obviate the use of staiidaid solu 
tioiis and to increase the aecuiacj of the method 

3 A No 47 AYiatten filter was found to he most useful in both hemo 
globin and blood non detei minations 

"We 'svish to take this opportunity to thanU Mr Fabrv I* Hawk for making the Sahli- 
Hcllig hemoglobin determinations ^at arc given In this work 
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•The construction of the cur>e in Fig 3 is carried out in tin? manner The blood Iron 
Is determined on several samples ot blood Then each sample is subjected to a number of 
simple watery dllutlon-j ranging from 1 300 to 1 2000 and the conduction of light through 
each dilution determined The 1 400 dilution is taken to equal the concentration of hemoglobin 
shown by the blood iron mea'Uirement (for example 16 gm ) Then the 1 800 dilution Would be 
8 gm the 1 600 12 gm etc Plotting the dtUitions of three or four bloods Is sufficient to con 
struct a sati'ifactory curve 
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sample is accurately mixed with an equal volume of the original test meal, and 
the per cent of phenol red determined on the mixed sample ; by a simple correc- 
tion the per cent present in the original gasti’ic sample can then be ealeulatedl 
When this is done, the per cent of phenol red in the mixed sample can never be 
below 50 per cent. This method was carefully checked and found to he verr 
satisfactory. 

It was also found that when the gastric samples contained large amounts of 
bile, it was not always completely removed by the treatment with sodium 
tungstate and sulfuric acid, so that after alkalinization the gastric samples 
would have a definite 3 ’ellow tinge when compared in a colorimeter with a sample 
of the original test meal. In order to correct for this, a few small ciTstals of 
picric acid are added to about 2 c.c. of the test meal standard, and a few drops 
of the picrated standard mixed in the colorimeter cup with the untreated 
standard, until the yellow tinge of the standard matches that of the gastric 
sample. A series of earefullv' controlled experiments showed that this procedure 
is entirely satisfactory. 

* H 0 / /iLnici- ftleftoit. 



Fig. 1 — The gastric samples were grouped according to c' ■■ ■ 

red present. The line represents perfect agreement between t) ' ■ ’ oihmi 

show the percentage difference between the two methods wher Ami 

was used, and the circles the percentage difference when the ■ moaiu 

by correcting for excessive dilution of the gastric samples. 


Eeeently Hollander, Fenner, and Saltzman^ have introduced another metbod 
for determining the per cent of phenol red in gastric samples. Organic ma- 
terial is precipitated by zinc hydroxide and the samples aliialinized, and the 
excess zinc hj-droxide removed writh sodium phosphate. In their method m> 
correction is made for excessive dilution of the samples. They state that ah 
bile is removmd, so that no correction is necessary for a yellow tinge of the gastric 


samples. 

In order to compare the tw-o methods, we have performed a series of twenty 
fractional gastric anatyses comprising 65 half-hour gastric samples in ivhic‘ 
the per cent of phenol red was determined in each gastric sample by both me 
ods. The 2 per cent Liebig’s extract test meaF was used in all. Thirteen 
experiments were performed on normal dogs, three on dogs in which we ha 
produced an experimental hypersecretion of acid, and four were on a dog haimn 
a gastroduodenostomj^, so that large amounts of bile-stained duodenal secretion^ 
entered the stomach. 
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The lesulfs aie sIio\\n m Fig 1 It is seen that down to appio\imately 50 
pci cent of phenol lecl in the gastiic samples, the agi cement hct^\cen tlicse two 
methods is nsuallj (luite satisfaetoij, especially when it is icmcmbcied that a 
laiiation of ±2 per cent is the ma\imum degree of accuiacj possible (in our 
hands) lu matching tlie phenol led coloi Below appioximately 50 pci cent, 
the agreement between the two methods is not satisfactory This is due 
piimarilv to the fact that accuiate coloiimetiic dctciminations cannot be made 
when tlie standaid solution is two times oi moic as stiong as the unlmowTi solu- 
tion Theoretically, accoidmg to Bow's law, thcie should be a direct piopor- 
tionality between the per cent ot phenol led in the sample and the coloi imeter 
leading thiough all langes of dilution, piacticalh, howc%ei, this is seldom the 
case Folin® cmplinsired that accuiate ooloiimctiic leadings cannot be made 
when one solution is more than 1 5 times as stiong as the other, a fact which 
is geneially accepted by most imcstigatois® * Some of the samples pieparcd 
according to the Hollander method woic so c\ccssncl\ dilute that it was im- 
possible to make a compaiison with the standaid Dilution of the standaid with 
distilled ivatci, so that it closeh approvimates tlie unknown is unsatisfactory, 
because tlic coloi of botli is then too faint foi accinatc matching 

"When the Hollander method was modified mixing the dilute gastric 
simples with an equal volume of the oiiginal test menJ, tlie agreement between 
the two methods was impio\ed in 8 out of 12 samples The impoitance of cor 
reeling for cxcessuo dilution is cleaily shown In the fact that when no coirection 
was made in the Hollandci method, 76 pei cent of the samples agreed within 
per cent by the two methods, but when the collection was made in the 
Hollandci method, 88 per cent of the samples agiccd within ±4 pei cent 

When the dog with a gastioduodenostomy was studied, it was found that 
the Hollander method often failed to completch icmo%e tlic bile so that the 
alkalinized gastric samples had a definite \cllow tinge when compared with the 
standard test meal sample In oider to ha\e made a satisfactory coloi imetric 
reading, it would ha^e been neccssaiy to apph the piciic acid collection to the 
standaid solution During the course of tliesc studies it was again demon 
stinted that the piciic acid coricction gixes highly satisfactoiy lesults 

SUMMARA 

1 A comparison of the Hollandci and AVilhelmj methods foi determining 
the per cent of phenol icd in gastiic contents shows that down to approxi 
niately 50 pei cent of phenol led in the gastiic samples, the agieement be 
tween the two methods is usually' satisfactoiy Below appioxumately 50 per 
cent discrepancies aie fiequent and maiked When the Hollander method 
IS modified by collecting foi excessne dilution of the gistiic sami>les, the 
agreement is gieatly' imptOAcd 

2 Both methods may at times fail to eiituely iemo\e the bile from 
gastric samples containing excessi\e amounts, and it may be necessaiy to 
apply the picric acid correction 

3 When the Hollander method is modified to coirect for excessive dilu 
tion of the samples, the tw o methods are about equally reliable 
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method (as standard of reference), (b) the direct photoelectric method just 
described, and (c) the Sahli-IIeliig hemoglohiiiometer (prism type). The 
blood iron determinations were made in duplicate, and the Sahli detemina- 
tions carried out b 3 ’' one verj- skilled in handling the instrument. The mean 
values for all, together with the “average error" are given at the end of 
the table. 

DISCUSSION OP RESULTS 


It can he seen by the table that the agreement of all three of the hemoglobin 
methods is quite close. Part of the reason for the Sahli-Hellig values follow- 
ing those for the blood iron so well was due to the determinations being made 
by one very skillful in handling the instrument. In the hands of the average 
individual (and in our own hands), such excellent agreement is not obtained 
Notwithstanding the close correlation of the Sahli-Hellig and blood iron 
figures, the “average error’" (blood iron values taken as a standard of refer- 
ence) is more than twice as large with the Sahli-Hellig as with the direct 
]ihotoelectric method. In other words, the photoelectric method is consider- 
ably" more accurate. The Newcomber disc method was tried in a few cases, 
but since the values did not check those for the blood iron as well as those 
from the Sahli, the values are not included. 


The advantages of the direct photoelectric method ai’e chiefly as follows: 
(1) It is very rapid. For a single determination it takes as much time as the 
Sahli tyjte of instrument, but with a series of determinations it saves con- 
siderable time. (2) The readings need not he made for three to four hours 
after the dilution with ivater, and they can be made at once. The blood itself 
can stand at least two or three hours with no appreciable change in the 
hemoglobin values. (3) Errors arising from W'aiting too long or too short a 
time (and such are present in all rapid acid hematin methods) are enthelj 
eliminated. (4) The values are reproducible — ^to the third significant figm® 
with accurate measurement of the blood and handling of the instrument 
Of course, it js obvious that such an expensive piece of apparatus could not 
be pui’chased for the determination of hemoglobin alone, but previous worh 
(and the rest of the papers of this series) shows the advantages of using a 
photoelectric colorimeter in nearly all pathologic chemistry methods. 

A point that immediately arises is whether or not the curve given 
hemoglobin (Pig. 3) could he used bj" another operator on another instrument 
with another filter, or would each laboratory worker have to construct his 
own curve. It is true that the latter method would undoubtedly he safest 
and best, but since it occupies considerable time it is our belief that sue 
effort may be unnecessary. "Wliile w"e have not had an opportunity to try 
tliis curve on another instrument, the fact that the null-point method o 
making the readings is employed makes it almost certain tliat there will he 
little difference between similar instruments.! Two different filters (sa®e 


of tho taRine the square root of the aycrace of 

notioL tOsurel actually means that in two-thirds of ail 

nations made, the actual error in grams will be less than this amount. . 

ti-upl plotted curve can he used with different instruments 

inltramlnt^thit we usSi. ^ ® this will also hold true 


ANDES NOniHUP PnOTOELECTniO COLOKniETBl 


205 


iiumbei)^ g-ue the same values, likciiisc clififeieiit cups (these cups aie guar 
anteed hj the manufneturei to be u itliin 0 005 cm of 1 0 cm in thieluiess, 
malting the gientest possible eiioi less than 0 5 pci cent) Of eouise some 
practice is iiecessnii to make the most attm.itc i catlings, but as soon as one 
becoiiios familial nitli the lustruiiieiit be is soon iiiipussetl iwth the ease of 
niaiiijiulation anil high degree of aetiiran m the duplication of conductmfi 
leadings One thuig is ccitain a faiih actuntc tune for henioglobin can 
be coiisli acted bj each intlindii.il in a l.iiili shoit time, in the same maniiei 
that Me made outs * 

In rcgaitl to the blood non method coiisideiable e\peiimeiital Moih 
shoMcd us that the use of a cimc (Pig 2) gices much moie acciuate lesults 
than the use of simultaneous standards In fact iiiiich of om etirhei uoik 
■nas discaitled foi the leasoii th.it the non uas tlcteininied bj smiultaiieous 
comparison uith st.intlaitl solntioiis It is ecit.iinh a iinieh iiioie lapid pro 
cediiie, and .ahi.ajs gnos lesnlts that theik iiitlnii Ihi limits of the acemaej 
of the measiireiiients 'We haie found Wong's method quite satisfactoij , but 
I'c helicac that some of the iieuei methods (not.ibli tliat of Coombs'* oi of 
Niedeiluiusern and Feiiainii' ) mac lince addilioiial a<hant.ageb and eceii be 
more accurate 

SUMM\n\ 

1 A rapid motliod for the dcteimiiiatioii of hemoglobin is deseiibed, 
uherebj the light conduction of a uaterj solution of uliole blood is detei 
mined mth a photocleetiic eoloiimetci, and the coiiceiitratioii of hemoglobin 
IS read dueotly fiom a giaph The metliod seems to be moie accurate than 
the usual acid hematin methods, and is much more i npid where a large num 
her of samples are being aiialjzed 

2 The dcterinmation of blood non bj the use of the photoelectiic color 
imeter is also outlined, and a cune gncii to obciatc the use of standard solu 
tions and to increase the accuiae\ of the method 

3 A No 47 Wiatten filfei uas found to be most useful in both hemo 
globiii and blood iron deteimiiiations 

,, wish to take this opportunity to thank Mr Fabry L. Hank for making the Sahli 

Heuig hemoglobin determinations tliat ore given In this work 
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THE DETECTION OP ACETONE AND ACETOACETIC 
ACID IN URINE* 


Jonas Kamlet, Brooklyn, N. Y. 


T\J qualitative tests (Lange, Le Noble, Rothera, Rantzman) liav 

been proposed for the detection of acetone and acetoacetic acid in mw® 
based on the reaction of these compounds with sodium nitroprusside in tlie 
presence of ammonia to form a deep permanganate-violet color. When pet' 
formed directly on urine, a red color is given by creatinine, which disappear® 
on the addition of acetic acid. Thus, three steps are involved in a direct 
qualitative determination of acetonnria: (a) addition of nitroprusside solu- 
tion, (b) acidification (to avoid a false positive due to creatinine), and (u) 
alkaliuization with ammonia. 

In laboratories where determinations of acetone bodies are perforiued 
routinelj' on all urines, the use of strong aqua ammonia is extremely undesir- 
able. Not only are its fumes highlj" noisome and noxious to the techniciau, 
but the danger of contamination of blood reagents and staining solutions bi 
the volatile ammonia gas is ever present. 

Our new method for the detection of acetone and acetoacetic acid is based 
on the same sensitive and specific' color reaction xvith nitroprusside. Hon- 
ever, instead of ammonia, a strongly alkaline organic amine, monoethanol 
amine, is used. The procedure is quite simple; 

Place 10 c.c. of unfiltered urine in a test tube, add one drop (0.05 c.c.) 
of a saturated aqueous solution of sodium nitx’oprnsside, 1 c.c. of a 15 per oeid 
aqueous solution of monoetlianolamine, and mix. In the presence of acetone 
or acetoacetic acid, the entire contents of the tube will turn to a deep pe'" 
wangan atc-violet color within sixty seconds. With a little experience, O'® 


Laboratories. Israel Zion Hospital, Brooklyn. 
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tecluucnn will soon be able to estimate the conceiitiatiou of acetone bodies 
serai quantitatiiely bi the intensitj of eoloi (as, for instance trace, one pins, 
tivo plus, etc ) 

This procedure lull detect 0 054 pei tent of acetone in iiiine and 0 040 
pel cent of acetone m aqncons solution nitliiii one minute The noiinal range 
of cieatinine conceiitiations in mine (betiiecn 005 per cent and 025 per 
cent) does not giie am coloi In this method nhile a satin ated solution of 
creitiiiine in mine giies a bioiunsb oiange coloi iihieh can bardli be mis 
taken foi tbc deep pti manganatc i lolet color gii en bj acetone and aceto 
acetic acid 

Acetone deteimniations iicie pcitoimed bi this method on a senes of 
5 000 ninies (among ivhich iieie 521 positiie acetones) and compaied luth 
the Le Noble leaction siimittaneoush perfoiraed In eieij case absolute 
qiiahtatiie agreement betiieen the tno pioeedmes iias obscried 


A COMPARISON OP METHODS TOR THE DETERMINATION OF 
PHENOL RED IN GASTRIC CONTENTS' 


C M WiHiEi iiJ, MD, AND D E Bvci 13 S , Omiha Neb 


J N THE usual methods of gastiic analysis it is not possible to determine hotv 
much of the fluid of the test meal remains in the stomach to dilute tho aoid 
seeieted bj tho stomach, not is it possible to detcimine the acidity of tho total 
seeiotions enteiiiig tho stomach WiUiebnj, O’Biieii, and HilP ’ pointed out 
these and other deficiencies of the commonly used test meals, and introduced 
an impioied test meal consisting of a specially piepared 2 per cent Liebig’s 
meat c\tiact solution containing 15 mg of phenol red per liter When the pei 
cent of phenol led is determined m each gastric sample, it is possible to say 
yust hoiv much of the sample consists of sccietions mixed iiitli the meal and hon 
much IS fluid of the original test meal It is also possible to determine the acidity 
of the total secretions entering the stomach 

In the method of Wilhehny, O’Biien, and Hill, the pci cent of phenol led 
m each gastric sample is determmed colorimetrically by comparing the gastric 
samples with a sample of the oiigmal test meal similaily treated In order to 
remoae organic mateiial which would interfere with the colorimetric deteimina 
tion, equal volumes of the original test meal and of each of the gastric samples 
are treated with 20 per cent sodium tungstate and 1 33 normal sulfuric acid, 
centrifuged and alkalmized 

When the fractional method of gastric analysis is used, it is usinlly found 
that the final samples are so dilute that it is impossible to make an accurate 
colorimetric deteimination of the per cent of phenol red present In order to 
correct for the excessive dilution of the final samples, an aliquot fraction of the 

- . “From the Departments of Physiology and Experimental Surgery Creighton University 
School of Medicine Omaha 
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sample is accurately mixed with an equal volume of the original test meal, and 
the per cent of phenol red determined on the mixed sample ; by a simple correc- 
tion the per cent present in the original gastric sample can then he calculated.^ 
"When this is done, the per cent of phenol red in the mixed sample can never he 
below 50 per cent. This method was carefully checked and found to he very 
satisfactory. 

It was also found that when the gastric samples contained large amounts of 
bile, it was not always completely removed by the treatment with sodium 
tungstate and sulfuric acid, so that after alkalinization the gastric samples 
would have a definite yellow tinge when compared in a colorimeter with a sample 
of the original test meal. In order to correct for this, a few small crystals of 
picric acid are added to about 2 c.c. of the test meal standard, and a few drops 
of the picrated standard mixed in the colorimeter cup with the untreated 
standard, until the yellow tinge of the standard matches that of the gastric 
sample. A series of carefully controlled experiments showed that this procedure 
is entirely satisfactory. 

® Hol/a.mtcir' (Vlefitoi 



Fig. 1. — ^The gastric sampies "were groupeil according to decreasing percentages of PUet'j' 
red present. The line represents perfect agreement between the two methods. The sohd dots 
show the percentage difference between the two methods when the original Hollander mcmoa 
was used, and the circles the percentage difference when the Hollander method was modlfleu 
by correcting for excessive dilution of the gastric samples. 

Kecently Hollander, Penner, and Saltzman^ have introduced another method 
for determining the per cent of phenol red in gastric samples. Organic ma- 
terial is precipitated by zinc hj'droxide and the samples alkalinized, and the 
excess zinc hydroxide removed with sodium phosphate. In their method no 
correction is made for excessive dilution of the samples. They state that all 
bile is removed, so tbat no correction is necessary for a yellow tinge of the gastric 
samples. 

In order to compare the two methods, we have performed a series of twentj 
fractional gastric analyses comprising 65 half-hour gastric samples in which 
the per cent of phenol red was determined in each gastric sample by both meth- 
ods. The 2 per cent Liebig’s extract test meaP was used in all. Thirteen 
experiments were performed on normal dogs, three on dogs in which we had 
produced an experimental hypersecretion of acid, and four were on a dog having 
a gastroduodenostomy, so that large amounts of bile-stained duodenal secretions 
entered the stomach. 
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T)io results .Tie slioun in Fig 1 It is seen that cloun to appio\imately 50 
pci cent o£ plicnol led iii the gastiic samples, the agi cement hotivcen these tivo 
metliotls IS usuallj quite satisfactoi}, cspceiall} ■nhen it is lemcmbeied that a 
i.Triatiou of +2 per cent is the nia\imiim dcgicc of necuiacj possible (in oiii 
Imnds) in matching tlie phenol icd coloi Below appio\imateh 50 per cent, 
the agi cement between the two methods is not sitisfaetoij This is due 
piimarilj to the fact that acciiiatc eoloiimctiic detciminations cannot be made 
when the staiidaid solution is two times oi nioie as stioiig as tlio unknown solu- 
tion Thcoicticallj, according to Bcci’s I.iw, thcie should be a diicct piopoi 
tion.Tliti between the pci cent of phenol led in the sample and the colorimeter 
iCiTdiiig through all langes of dilution, pi,TOtie,Tl]i , howcici, this is seldom the 
case rolm“ emphasized that aeeuiatc tolorimcliic leadings cannot he made 
when one solution is moic than 1 5 times as stiong as the othei, a fact which 
IS genciallj accepted b\ most inicstigatois “ * Some of the samples piep.ired 
aecoiding to tlio Ilollaiidei method weic so o\ecssneh dilute that it was iin 
possible to make a eompaiison with the standaid Dilution of the standaid with 
distilled w.Ttoi, so that it closelj appioMinates the unknown, is uns.itisfactor} , 
bccauso the eoloi of both is then too faint foi acciiinte matching 

When the Hollandei method was modified bi miMiig tlie iciv dilute gastiio 
samples with an equal lolume of the oiiginal test incTl, the agreement between 
the two methods was impioicd m 8 out of 12 samples Tlie impoitance of coi- 
reeting foi e\cessi\c dilution is clcatly sliowni In the fact that when no coireotion 
was made in tlio Hollandei method, 76 pci cent of the s.Tmplcs agreed wnthin 
il per cent by the two methods, but when the collection was made in the 
Hollander method, 88 pei cent of the samples .igiecd within +4 pei cent 

When the dog with a gaslioduodenostom) was studied, it was found that 
the Hollandei method often failed to completeh icmoie the bile so that the 
alkaliiuzed gastric samples had a definite scllow tinge when compared with the 
standaid test meal sample In older to liaic made a s<Tfisfactoi-y coloiimetric 
reading, it would hare been necessaiv to appli the piciie acid coriection to the 
standard solution During the course of these studies it was again demon 
stiated that the pioiie aeid coriection giics higlih satisfactoiy lesiilts 

SUMMABT 

1 A comparison of the Hollandei and AVilhelmj methods for deteimimng 
the per cent of phenol led in g.TStiic contents shows that down to approvi 
mately 50 per cent of phenol icd m the gastiic samples the agi cement be 
tween the two methods is usnally satisfactoii; Below ajopioximately 50 per 
cent discrepancies aie frequent and maiked When the Hollandei method 
IS modified hj ooucctiug foi eveessne dilution of the gastiic samples, the 
agreement is greatly impioied 

2 Both methods may at times fail to entiiely lemoie the bile from 
gastiie samples containing excessive amounts, and it may be necessaiy to 
apply the picric acid collection 

3 When the Hollander method is modified to eoiicct for excessive dilu 
tion of the samples the two methods are about equallj leliable 
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A NOTE ON SOME PRESUMPTIVE TESTS FOR 
BENCE-JONES PROTEIN*^ 


G. M. Decherd, Jr., M.D., and K. L. Dickens, M.D., New Orleans, La. 


T here is need for a procedure that will detect Bence-Jones protein during 
the routine examination of urine, or laeiiing this, one wliich will serve as a 
presumptive test for this substance and indicate further confirmatory tests. 
Bence-Jones proteinuria is rare, and routine detailed examination for it would 
be too time-consuming, but when it does occur, it is highly desirable to detect 
its presence. For it to manifest its characteristic precipitation at about 60° C., 
re-solution at boiling and reappearance when cool, the pH and salt concentra- 
tion must have been suitably adjusted.^ The inadequacy of the usual tests for 
proteinuria for demonstration of Bence-Jones protem at all consistently has been 
admirably proved by Osgood and Haskins.^ These authors recommend two 
procedures: (a) To 5 c.e. urine, add 1 c.c. 50 per cent acetic acid and 3 c.c. 
30 per cent (saturated) sodium chloride. Thej' believe a precipitation appear- 
ing at room temperature “strongly suggests the presence of Bence-Jones pro- 
tein,” though a precipitate may occur -when the urine contains 38 mg. per cent 
globulin. Their impression is that such urines are uncommon, (b) To 1 c.e. 
urine, add 0.1 c.c. 20 per cent sulphosalicylic acid solution. All proteins pre- 
cipitate, but Bence-Jones protein redissolves at the boiling point. 

The first presumptive test has found a place in several tests.°’® When we 
employed it in several instances of unexplained proteinuria, w'e ivere forced 
to the conclusion that it would give a positive result with nearly any urine in 
which protein could be found. In an effort to substantiate this impression 
quantitatively, we have analyzed urines from a representative group of renal 
diseases. 

•From the Department o£ Medicine, Louisiana State University School ol Medicine, Nc" 
Orleans. 
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The total protein nas piccipitated bj 10 pci cent trichloiacetic aeid, 
globulin by halt satuiation nith ammonium sulfate, the supernatant fluid serving 
for albumin estimation The amount precipitated bj salt and acetic acid in tbe 
above coneentratioiis uas also determmed All precipitates were well washed, 
the second waslimg uniformh showing no eoloi with Folm s phenol reagent, 
and the various protein fractions were dotemiined eolorimefncalh hi the 
method of Andei-seh and Gibson ' 
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Our results arc tabulated Each urine was diluted seriallv, and tbe highest 
dilution which gave a precipitate vnth salt and acetic acid was recorded 'We 
calculated the amount of globulin which was present m this dilution, dilutions 
containing from 1 to 3 mg per cent still reacted positivelv As maj be seen 
from the table, mme containing over 38 mg per cent globulin is bv no means 
uncommon The bulk of tbe precipitate m each instance was albumin 

Our experience with the second pioeediire was moie satisfactorj , and wo 
beheve it conforms more ncailv to the icquiremcnts of a presumptive test for 
Bence Jones protein Tbe salt and acetic acid method is still valuable as a 
means of precipitating the protein for removal of other iirinai-v constituents,* 
precipitation with it, howevez, is not suggestive evidence for the picsciice of 
Bence Jones protein 

REFERENCES 

3 Hopfins, T G , and Svvorv, H V of Bcnee-Jonc': Protein and of flie ifetoboli m 

in Three Cv=es of Bence Jones Prolemuria, J Phrsiol -12 1*9 1011 
1 Osgood E E , and Hashins, H D Tests lor Protein in Urine, Espeeiallv Bence Jones, 
J Lab L Cun Mrh L6 5T3, laJL 

3 Hanh, P B, and Bergcim, O Practical Phvsiological Cliemistrv, Philadelplin, lojT, 
P Blakiston’s Son i. Co 

■1 Berglund, H, and Mede«, G The Kidncv in Hevlth and Disease, Philadelphia, 1935, 
Lea &. Pebiger , . , „ „ „ 

5 Osgood, E E Laboraton Diagnosis, Philadelphia, 103a, P Blakiston s Son L Co 
e Vndersch, M , and Oib'on, E B Colonmetnc Determination of Plasma Proteins J Lab 
i Cun Med 18 816, 1933 















COSIPAEATIVE STUDY OF THE LAUGHLEN TEST POE SYPHILIS^ 


E. 0 . Muether, axd J. E. Greutter, I\I.D., St. Louis, Mo. 


S INCE Wassermann^ Iirst applied the principles of complement fixation to the 
diagnosis of sj-philis, attempts have been made to simplify the test withoat 
sacrificing sensitivit3’' and accuracy. The tests suggested have for the most part 
been only partiallj' satisfaetoiy, and the search continues for a test which is 
simple and inexpensive and yet of sufficient aceuracj’' to wai-rant its use routinely 
on all patients. The need for such a test becomes more apparent when it is 
realized that the ravages of sj'philis seem to be increasing in spite of our in- 
creased knowledge of the disease. This situation can onty be rectified by a more 
careful examination of all individuals, and the popularization of blood tests for 
the detection of the disease. Increased blood testing, on the other hand, depends 
largelj- upon the facilities available and the price of the test to the individual. 
All new tests for syphilis must, therefore, present the following features: (a) 
it must be easily done; (b) it must be accurate, and (c) it must be economical. 
Any test which does not satisfy these criteria need not be considered in our 
search for more formidable diagnostic weapons with which to fight the disease. 

Eecently, two new metliods for the detection of sj’^philis have been offered— 
one is the Laughlen- test and the other is the Ide® test. Both of these are more 
easily performed than most approved serologic tests for syphilis, and both of 
them are more economical than other serologic tests. It becomes necessary then 
to determine the accuracj’ and sensitivity of these tests, and it is with this prob- 
lem that the present communication deals. Only the Laughlen tests will be 
discussed at this time. The result of the Ide tests will be published later. 

It is not a simple matter to treat these various methods in an exactly com- 
parable manner. The tests rvith which the staff is familiar will always appear 
in a slightly better light than a newly acquired test. This is further evidenced 
b3’- the fact that the originator of a method usually gets a higher percentage of 
positive results than other laboratories using the same method. 

The method of obtaining patients also pla3's a role in the end results. 
Patients should not be selected for such a study as this, and the number tested 
should be large. 

PROCEDURE 

It was decided to do a thousand cases by Kahn^ and Kline® tests, theise 
being the serologic tests done in the laboratory routine^. On the same serum, 
the Laughlen test was to be performed by an indhddual not of the regular per- 
sonnel of the serology laboratory. As far as possible, all the tests were done by 

•From the Loboratorj- Division, Department of Internal Medicine, University Hospital. 
St Ixinis University School of Medicine. 
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one of IIS (J. B. G.)- Two hundred tests were done ns a preliininaiy chiefly to 
become accustomed to tlio test and to work out a routine tcehnique which would 
give the necessary speed to allow the completion of 40 to GO tests in a reasonable 
time, lyiicn these were flnislicd, the tliousand routine blood tests wore run; tliat 
is, every blood which came to the serology laboratory for a Kahn and a Kline 
was also subjected to the Laughlcn test. tVlicu the thousand tests were com- 
pleted, they were elieeked against the Kahn and Kline results. 

TnCIINIQUE or THE LAUGHIXN TEST 

The test is c-vti-eniely simple, but requires careful attention to details. The 
test may be done on ordinary microscope slides, two tests to the slide. The 
ordinary medicine droppers liave been found very satisfactory for the measuring 
of both serum and antigen. The serum may be inactivated or not. In fact, the 
test may bo done on whole blood, but interpretation is much more difficult if 
whole blood is used. The actual test is done by mixing one drop of scrum and 
one drop of antigen on a clean slide and mixing the two by gentle rotation or 
jarring. The specimen should bo examined every few minutes by indirect light 
for tlic presence of clumping which appears as tiny but definite red specks in 
the cloudy mixture. If clumping occurs in the first two minutes, the serum is 
strongly positive; the less strongly positii’c sera take longer to produce the 
charaoteristio reaction. Any clumping which occui-s after ton minutes or as the 
specimen begins to dry must bo ignored A known positive scrum and negative 
serum must always be run as a control. The specimen may be examined under 
the microscope, although after a little practice this is not necessary. 

PItCPAEATION OF THE ANTIGEN 

The details of this procedure have been given by Laughlen in the Canadian 
Medical Association Journal, and will only be briefly summarized here. The 
antigen used by us was supplied through the conrtesj' of the Lederlo Labora- 
tories. 

The preparation of the antigen may be divided into four steps: (1) prep- 
aration, (2) modification, (3) dilution of the modified antigen, and (4) standard- 
ization of the antigen to a certain sensitivity. 

The antigen is prepared as is the Kahn antigen and is cholesterolizcd by 
adding 6 mg. cholesterol to each cubic centimeter of antigen. It is then modified 
by tile addition of seharlacli R to saturation and tiic further addition of tincture 
of benzoin compound. The modified antigen is then diluted by the addition 
of 5 c.c. 1.5 per cent saline (at 50° C.) to each 0 5 c.c. of antigen. If the antigen 
is satisfactory at this stage, it will be opaque and the particles will not settle out 
in twenty-four hours. This, then, is the stable inactive antigen and, before it 
can be used, it must be activated by the addition of an electrolyte. The amount 
to be added must bo determined by the use of positive serum, a sufficient amount 
of antigen being added to produce clumping in from one to two minutes, with a 
Imoivn strongly positive serum. When this is determined, a comparable amount 
of electrolyte (10 per cent solution sodium chloride) may be added to the stable 
antigen as needed. 
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The sensitized antigen will only be found reliable for about seven days, and 
the quantity prepared should not exceed that which will be used in this period 
of time. 

BESDIiTS 

It is rather difficult to interpret tlie results of various tests for syphilis, 
since no test is infallible. Every test so far devised is capable of giving both 
false positives and false negatives. The fact that, not infrequently, an in- 
dividual may be a sj'philitie and present no physical findings further complicates 
the matter. 

Tabbe I 



r.A.tT<3Hl4EN 

; KAHN 

! KEtNE 

Positive 

138 

142 

i 133 

Negative 

867 

i 858 

1 807 


T.able II 



LAUGIILCN 

KAHN 

KLINE 

False negative 

18 

2 

8 

False positive 

24 

1 

2 


The Kahn test was the most accurate test in our liands, giving only one 
false positive reaction and two false negative reactions in 1,000 eases. The term, 
false positive, is here used to denote a positive serology by only one test in an in- 
dividual who gives neither history nor physical findings consistent with diagnosis 
of syphilis. A false negative is, of course, the absence of positiveness by one test 
when other tests are positive and the patient is known to be a syphilitic. Chart 
I shows graphically the positive results. Table I gives the total number of 
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Table III 

ANAETBiS OV PAESE POSITIVES BY THE LaOGHBEN TbST 


CETUICAE FIX DINGS 

Gonorrhea, positive Neisscrian fixation test; no findings suggestive of sypldi'S 

Chronic cervicitis (gonorrheal?); no findings suggestive of sj-philis 

Gonorrhea; severe secondary anemia; positive Neisserian fixation test 

Pregnancy; pyelitis 

Cardiac; negative for sj-philis 

First trimester of pregnancy 

Clironic cervicitis; negative for syphilis 

Cervicitis, cystocele, and reetoccle”; negative for syphilis 

Far-advanced tubeieulosis 

Miliary tubercnlosis 

Hyperthyroidism 

Fractured skull; no evidence of syphilis 
Appendicitis and cervicitis 
Sinusitis 

Parkinson's syndrome; no evidence of syphilis 

Arthritis; no evidence of syphilis 

First trinie.stcr of pregnancy; no evidence of syphilis 

Far-advanced tuberculosis 

Peptic ulcer 

Postoperative parotitis 

Gonorrheal salpingitis; no evidence of syphilis 
Blood donor; no evidence of syphilis 
Blood donor; no evidence of sypliiiis 

Blood donor; no evidence of S 3 -philis — 
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positive tests obtained bj- llie various nictliods used and the total number of 
positives by each test. Talile II gives the number of false positive and negative 
tests by the various methods. The Laughlcn test nas less efficient than either 




the Kahn or Kline. Table III gives an analysis of the false positi\e by the 
Laughlen technique, and Chart II gives the graphic representation of these. 
It will be noted that many of the false positives were obtained from individuals 
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with pelvic disease or pregnancy, while in several instances, the false positives 
were found in individuals suffering from advanced tuberculosis. Each patient 
who gave a false positive by the Laughlen test was re-examined clinically to rule 
out or discover a syphilitic histoi'y or lesion. In no instance did we succeed in 
doing this. 

Table IV and Chart III present an analysis of the false negative obtained 
by the Laughlen technique. In two patients, the Kahn was the only test positive; 
but it will be noted tliat both of these patients had had a great deal of anti- 
syphilitic therapy, and when their histories were reviewed, it was found that 



they had had positive Wassermann and Kline tests at the onset of their therapy 
All the other cases, in which the Laughlen was falsely negative, had both Kalm 
and Bdine tests positive. The Laughlen test was negative, when otlier tests 
were positive, in onty one untreated case. We are, therefore, of the opinion that 
the Laughlen test is more easily reversed as a result of therapy than are the other 

Table H'’ 


False Negatives by the Laughlen Test 


NUMBER 

KAHN 

KLINE 

REMARKS - 

12621 

Positive 

Positive 

Chancre forty years ago; treatment at intervals 

.S40 

Positive 

Negative 

Under continuous treatment for two years 

7588 

Positive 

Positive 

Treatment for three years 

327 

Positive 

Positive 

Treatment for two years 

785 

Negative 

Positive 

Treatment for two years 

12G4S 

Positive 

Negative 

Treatment for one month 

10C90 

Positive 

Positive 

History of syphilis for forty years, sporadic treatment 

122GG 

Positive 

jPositive 

Treatment for four years; history of chancre . 

Treatment for four years, serology yariable from negati'C 
positive 

26G 

Positive 

Positive 

12425 

[Positive 

Positive 

Treatment for four years; had gumma 

1950 

Positive 

Positive 

Treatment for two years 

19G 

Positive 

Positive 

Treated for two years; chancre six years before treatment 

12139 

Positive 

Positive 

Treated for two years; Neisserian fixation also positive 

12233 

Positive 

Positive 

Congenital, treated for four j-cars 

1533 

Positive 

Positive 

Variable serology; has been under treatment for four years 

12G02 

Positive 

Positive 

Under treatment for a year 

124G2 

Positive 

Positive 

No history of chancre; no therapy 

P. A'. G 

Positive 

Positive 

Under treatment two years; tertiary syphilis - — 
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tests This question is now being studied nioie caiefiilly in a senes of patients 
under treatment at tlie present time, and oni conclusions will be presented when 
this woih IS tiiiislied 

DIbCl SSION 

It should he pointed out that as oui cxpeiienec increased the accuracj of 
the test inei cased If we hi cab up om senes of a thousand cases into two groups, 
we find that 19, oi about 80 pei eont, of the false positive tests fall in the fiist 
500 cases tested, while S, oi about OS 5 pei cent of false ncgatiies occurred in the 
first 500 cases These anahses of the eases as two groups, strengthen our be 
hef that the Laughlen test is quite acciiiatc in imtieated cases, but is more 
readih reicrsedbj theiapj than ai com olhei tests 

The Laughlcn test is a clean, quick ind economical test, with a fairly 
definite end point The abilitj to determine the strength of the reaction on the 
basis of a time factor lather tliaii on a quantitatisc basis is a distinct advantage, 
as tlieic seems to be little leason to lepoit .am serologic test for sjphilis by a 
series of plus signs The test foi siphilis is fai bottei icpoited as negative, 
positiie, or doubtful 

The Laughlcn test, just as am othei serologic test, icquires a certain skill 
and training, and docs not lend itself to use bj overiono The large number 
of tests, whieh is ueoessan to produce efficiency in even a trained worker, 
seems to be sufficient reason for not recommending it ns a test to bo casuallj used 
m general practice It might well be used, we think, bj the laige laboratories 
because of its speed and cconomj when suitable controls can and will be done 
frcquentlj The Laughlcn test seems to be slightlj less accurate than the ICahn 
test and compares faiilj well with the Kline test 

CONCLUSIOnS 

1 The Laughlcn test is a simple, iiie\pcnsi\e, seiologic test foi the diagnosis 
of syphilis, with a sharp end point 

2 The Laughlcn test is slightlj less accurate than the Kahn test and com 
pares fairly well with the Kline test 
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Rgglutinatiou sometimes occurs -with or without ^‘quelliiiig^^ in pooled sera, 
and indicates probable ju’csenec of at least two individual type reactions. We 
have been nnable to obtain type sera above 32 for diagnostic procedure. 

Sera of the Board of Uealtli are used as controls. Five pools, however, are 
used, since our experience has shown that the complete pool of 1 to 32 witli 
these sera is not as cfTieient as tlie smaller pools. The pools are made up as fol- 
lows: (a) 5, 7. 8, 14, 18; (b) 10, 11, 12, 13, 15, 17; (c) 4, 6, 9, 16, 19; (d) 20, 
21, 22, 23, 24, 2o ; and (e) 27, 28, 29, 31, 32 The Lederle pool of 1 to 32 was 
used to cross clicelc tlic smaller pools and to facilitate finding the less frequent 
types. 



A 


s 


c 


Fiff. 2 — ^AVork kit containing Department of Health sera controls. A, Pools, thin oil, pocket for 
co\er slips; B, pocket for slides and loop, O, 33 individual sera 

Since therapeutic sera prepared by the Board of Health and by Lederle 
are both used in the hospital, it was thought pertinent to scientific accuracy that 
both diagnostic sets be employed. We have kept two separate boxes of the 
diagnostic sera, slightly different in dimensions and size of bottle and carefully 
labeled, so that no confusion can result. 

If any question of identification arises, cultures and specimens aic referred 
to the Research Laboratory, Pneumonia Division, Board of Health. During the 
past two years only one serum, type 5, lost its potency, and only two strains of 
pneumococcus were found which did not correspond to any of the recognized 
32 strains. Statistical findings wll be reported in a separate paper. 
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MENINGITIS, Gonococcic, Branham, S. E., Mitchell, R. H,, ami Brainin, W. J, A. M. A. 

110: ISOI, 1938. 

It seems likelr that gonococcic meningitis is much more common than it as usually sup- 
posed to be. Hospital laboratories are usually much too busy to carry the ideatiheation of 
the causative mieroorgani.sm to completion, and a gram-negative coccus of tjpical 
morphology rvliicli occurs intraeellularl 3 - and extr.aeellularly in the spinal fluid, and rrhich is 
agglutinated by antimcningococcus serum, is usually assumed to be a meningococcus. Even 
u'hen the study' is carried further, definite criteria for the identification of the gonococcus 
are not u’ell established and its identification is not easy. An absolute criferioa is lacking; 
nevertheless, a carefnl study oi cultures with consideration of all of their characteristics— type 
of growth, colony form, fermentation reactions, alkali solubility, and serologic reactioas— 
will make an experienced worker feel quite sure of the identity' of the strain in question. 

Although gonococcic meningitis is usually secondary to gonococcic infection elseniiete, 
the case reported in this paper suggests that the gonococcus must be considered a potential 
cause of a primary meningitis without other gonococcic involvement. 


BORRHYitlA, Studies in: Acute Idiopathic Porphyria, Turner, W. J. Arch. Int. Med, fiX'- 

762, 1938. 

Acute idiopatidc porphyria may be associated with c.vcretion of uroporphyrin I in 
C.VCCSS of uroporphyrin HI. 

Excretion of metal-porphyrin complexes appears to be characteristic of acute idiopathic 
porphyria. 

Most of the color of the urine in acute idiopathic porphyria is usually due to the presence 
of pigments wliieh have been called urofuscia. 

Acute idiopathic porphyria is a familial disease, probably inherited as a dominant 
Mendelian characteristic. 

The acute manifestations are alleviated by' intravenous calcium therapy. 


SIAREOW, Culture of Human, in Pneumococcic Infections, Osgood, E. E. Arch. lat. Med. 

62: 1S2, 1938. 

Culture of human marrow makes possible a type of control which is attainable in animal 
experimentation or in clinical investigation. In human marrow cultures, sulfanilamide exhibits 
a slight bacteriostatic action on pneumocoeeic infections which is increased by an increafc m 
concentration. Even 0,3 unit per c.e. of specific antipncumococcus serum is more effectwc 
against the type I pneumococcus than 5s sulfanilamide alone. Sulfanilamide plus any g‘Tcn 
dose of antiserum, less than the amount which will by' itself reduce colony' counts to nearly 
zero, is more effective than corresponding doses of antiserum alone. These effects do not de- 
pend chiefly on phagocytosis. The results support the view that sulfanilamide renders tlio 
organism more vulnerable to bactericidal snb.stanccs present in the serum. If the results ® 
these in vitro experiment.® on the interaction of therapeutic and noxious agents in the presence 
of living human ceils are applicable to infections in human beings, sulfanilamide thcrapj 
should be of value in pneumococcic pneumonia and wight delay death in pneuinoeocoe 
meningitis, but it will not prove as effective as even small amounts of type-specific antiseiu®- 
If used in conjunction with antiserum, it should further lou'cr the mortality with the pres 
doses of antiserum, or should give an equally' low mortality with smaller doses of antiscw^' 
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Tho u«e of both Milfonilaniide nnd tlunpj dc‘sigD(.<I to introduce or to de\cIop specific 
bactericidins should be investigated further ns *i pos ibic cffectue treatment for infection'i 
which arc relative!} resistant to the action of sulfanilamide alont 

XTROBILINOGBIT Excretion of Bile Pigment and Hepatic Function in Diseases of the 
Blood, Barker, W H Arch Path G2 222 1938 

The excretion of urobilinogen Iins been studied m 74 ci^es of blood disea«ie The average 
dail) output of urobilinogen in tlio fieca is regarded as an index of the rate at nhich erjihro 
cjics are being dc«tro\cd m the bod} 

Abnorraall\ high ^alues for urobilinogen in the feces nere obtained m tlie cases of 
licniol}tic anemia and in most of the cases of pernicious anemia in relapse, these values 
returned to normal after splenectoni} in the cases of congenital hemohtie jaundice and 
after adequate li\er thorapj in the cases of jcrnieious anemia 

Based on thc'-o obscrialions, the comlosion is reached that iJesfruction of Wood is in 
creased m pernicious ancnim, eicn though the dista*-e mi\ not be primaril} a liemolvtic anemia 
The anemia occurring in association mth lememia is occasional!} Iicmol}tic In rare 
cases of aplastic anemia, a heiuol}tic factor is apparcntl} active, splcnectoni} m 2 such cases 
uas followed b\ temporar} improvement 

Transfusion of well matched blood niav at times bo followed b} a striking increase in the 
excretion of bile pigment, suggesting that the better part of the transfused blood is rapidl} 
hcmoI}zed in such instances 

In 03 of the 74 cases of blood disease the hepatic function w as studied b} one or more 
of three tests, the test for urobilinogen in the urine the bihrubm excretion test, and the 
luppunc acid P}atlicsis tc«t Evidence of hepatic d}sfunction was obtained m over 50 per 
cent of the cases, suggesting that n disturbance in the function of the liver may play a 
Significant role in the pathogenesis of man} of the blood d}scrasias 

MENINGITIS, Tuberculous, Levinson Test in, Gleich, M Am Bev Tubere 38 239, 1938 
Of 30 cases of tuberculous meningitis all gave a positive Levinson test In 70 6 per 
cent of these patients tubercle bacilli were found in the spinal fluid Twent} per cent of 
the cases showed tuberculosis at autops} In one ca«c tuberculosis was noted at autops} and 
tubercle bacilli were demonstrated in the spinal fluid 

None of 13 ca«es of nontuberculous meningitis had a positive Levinson test One wall 
occasional!} find cases of nontuberculous meningitis or patients with other brain lesions who 
give a positive Levinson test If it is remembered to refrain from performing a Levinson 
test on the spinal fluid which is contaminated b} blood, or where serum has been previously 
given intrathecall}, such p'seudopositive Levinson tests wall be avoided 

GLUCOSE TOLERANCE TEST, the One Hour, Two Dose, Cooperstock M, and Galloway, 
J M Am J M Sc 65 1221, 1938 

The one hour, two dose dextrose tolerance test, previou'?!} found to be a specific, time 
saving, and convenient procedure for adults, was applied to infants and children 

The technique of the original test was modified to suit this age period The micro 
method for determination of the blood sugar was found to be a reliable additional simphfiea 
tion of the procedure 

One hundred and two tests were performed on 82 subjects, consisting of 30 controls, 16 
patients with diabetes mclUtus of varying degree and duration, and 36 patients with non 
diabetic conditions 

The characteristics of the normal response to the one hour, two dose dextrose tolerance 
in a control group of subjects were found to bo as follows (1) a normal blood sugar level 
during fasting (average, 91 mg ) , (2) a more or less steep ri«e at thirty minutes (10 to 63 
and (3) a fall below the thirty minute blood sugar level at the sixty minute determina 
tiou in 70 5 per cent of tbo test*!, and an elevation above the thirty minute level at sixty 
minutes m 23 5 per cent, the total ri'je m the blood sugar level in no instance exceeding the 
normal level during fasting by more than 80 mg 
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Application of these diagnostic criteria to the group of patients with nondiahetic 
conditions did not yield any unaccountable delations. 

TIic one-hour, two-dose dextrose tolerance test performed for the group of diabetic 
patients revealed the following features: (1) a normal blood sugar level during fasting or 
one above tlie normal limits (120 mg.) ; (2) a more or less steep rise at thirty minutesj (3) a 
hyperglycemic level at sixty minutes, the total rise exceeding SO mg., with an occasional 
e.xception in cases of early diabetes mellitus of the low threshold tj-pe, and (4) glycosuria 
in at least the sixtj'-minute specimen. 

Several abnormal curves were demonstrated for patients with nondiabetie conditions 
associated with deviations of normal carbohydrate metabolism. 

The employment of the one-hour, two-dose dextrose tolerance test for infants and 
children demonstrated the important features of specificity, timesaving, and convenience. All 
these considered, the test offers an improved method for estimating dextrose tolerance in 
subjects of this age period. 

ANEMIA, Hyperchromic, in Infants, Stephenson, B. Am. J. Dis. Child. 55: 1141, 1938. 

A study was made of 04 normal white American-born boys and girls, ranging from 3 
months to 2 years in ago, and living under the same conditions in an institution having good 
pediatric supervision. 

There being no other known variable, half of the infants were each given 30 gr. of iron 
and ammonium citrates (about 340 mg. of metallic iron) daily; the control infants were each 
given 6 gr. of ferrous sulfate (about 78 mg. of metallic iron) daily. Therapy was continued 
for three months, the effects being checked by estimations of red cell count, hemoglobin, 
and red cell volume. 

As indicated by increases in hemoglobin, the ferrous iron proved to be as effective as 
the ferric. Apparently 10 gm. of hemoglobin per 100 c.c. of blood is the optimal level to 
be expected from administration of these forms and doses of iron, continued for three 
months, for infants of this age period. 

The two groups having reached much the same average hemoglobin level at the end of 
three months, one group was then withdrawn from iron therapy while the other group 
continued to receive supplemental iron for an additional three months. The trend of the 
hemoglobin level was downward in those infants whose medication was discontinued, whereas 
it was upward in those for whom medication was maintained. 

It seems probable that the increases in hemoglobin were the result of generous supple- 
ments of iron alone rather than of the traces of copper which contaminated both iron com- 
pounds. 

This study confirms the claim that seemingly normal babies, between the ages of 
months and 2 years, have a borderline anemia, and demonstrates that their hemoglobin 
levels can be raised to about 14 gra. per 100 c.c. by treatment with adequate iron without 
added copper. Increases in the number and volume of red cells also result, though thej’ are 
less marked. Improvements in the infant’s color, activity, and resistance to infection 
are believed to result, though they arc difficult to measure. In this investigation ferrous 
iron produced a maximum effect with much smaller doses than ferric, and it caused no gastro- 
intestinal di.sturbancc. Some supplemental iron appears to be needed, up to the age of 2 
years at least, to maintain the hemoglobin at tliis optimal level; it is possible that less than 
G gr. of ferrous sulfate would be an adequate maintenance dose. 

VITAMIN C., Urinary Output of Normal and of Sick Children, Bumbalo, T. S. Am. J- 

Dis. Child. 55; 1212, 1938. 

A macrocheraical modification, both, easy and accurate, of the Harris and Bay method 
for the determination of cevitamic acid is presented. 

The urinary excretion of cevitamic acid of a normal child on an average diet is 
to range from 11.2 to 71.2 mg. per twenty-four hours, directly dependent on the vitamin 
intake. 
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The results of the stud^ suggest tint there is sonic Titarmn C deficiency in all forms 
of tuberculosis in children It is suggested also tint there is some \itamin C deficiency in all 
febrile conditions in children 

The method of determination used follows 

(Tillman’s rcagtnt OOI per tout solution of I o dichlorojilienolmdo phenol made acid 
by the addition of 2 drops of glacial arctic acid 00^ cc equn'iJcnt to roughly the amount 
of 0 025 nig of coutanne aud ) 

From 2 to 15 c e of urme is brought (o a final \olumo of lu c c aud then brought 
to a pH of 4 7 b\ the addition of 0 02 ct of glacial acetic acid, Congo red being used as an 
indicator It la then titrated nitU Tillmin s reagent to an end point at which a lilac blue 
color persists for at lol'it fifteen seconds Tillman s reagent is prepared so that 20 rag of 
the d }0 is contained in 200 cc of the d\t solution It is then standardized against a 
standard solution of ee\itnnnc acid Sinco it has been determined that 1 mg of cevitamic 
acid IS the equivalent of 211G nig of Tillman s resgent result may be easilj calculated in 
terms of the amount of cevitamic acid cacreted m tuentv four hours 

STREPTOCOCCI, Hcniolsrtic Simplified Method for Grouping by Precipitin Reaction 

Brown, J H J A 'Nf A 111 no, 10 '' 

The culture is grovm in 0 cc of infusion broth coutummg 1 per cent of dovtrose for 
from eighteen to twenty four hours it 37* C Alanv strains gron in the form of a sediment 
at tho bottom of the tost tube, otliers need to be centrifuged 111 but about 1 c c of the 
supernatant broth is pipetted off and discarded I no drops of mctacrcsol purple indicator 
(0 04 gm dissolved in 00 cc of OJ per cent alcohol and then diluted to 100 cc with distilled 
water) arc added to tho remaining sediment suspension Irom a drop bottle 2 per cent 
hjdrochlonc acid (about 0 per cent concentrated livdrochlonc acid) i' added until the indicator 
turns slightly pink (about pH 3 0) The tube of sediment is heated in a boiling water 
bath with occasional shaking for fifteen minutes ami then cooled in running cold tap water 
for ten minutes From a drop bottle 2 per cent «oduim h^droMde is added until the color 
of the indicator pi8«es through jcHow and ju«t begins to darken (about pH 7 5) but should 
not be noticoablj purple Hic tube is then ctutrifugcd for about fifteen minutes, and tho 
clear supernatant fluid used for the precipitin test It has not been noeessar) to dilute 
the antigen 

TECIIMQLE Of THE TEST 

On tho bottom surface of a nearlj opticalh perfect Petn dish (a satisfactory brand 
of such dishes is known as ^‘Plano ’) rule 12 mm squares by means of a wax or diamond 
pencil On the abscissa indicate the ‘^cra to be used, eg A, B, and C On the ordinate 
indicate the antigens Both inside and outside surfaces of the bottom of the Petri dish must 
be very clean, and free from hut, dust, and finger print**, but need not be sterile "Within the 
appropriate squares and on the inside surface of the bottom of tho dish, place one small (2 
ram ) platinum loop of antigen and one loop of cerum, mixing the serum with the dntigcn as 
added, so as to make rather fiat hanging drops when the dish is inverted A platinum 
loop IS specified because some of tho cheaper substitutes give off alkali To avoid carbon 
particles in the drops, it is essential to bum off the loop thoroughly, preferably after dipping 
it into water to remove most of the scrum each time before flaming It mav be necessary 
to centrifuge the sera occaszonvlly to free them from any particles of native precipitate 
One should be careful not to form a precipitate by introducing a hot loop into the serum 
or antigen Into the hd of the Petn dish is placed a disk of moist, but not too wet, white 
filter paper With the bottom uppermost tho bottom is placed into the lid of the dislu 

Meadinff of JtesuUs — The assembled Petn dish is placed bottom up on the stage of a 
microscope, and tho drops are observed through a 10 mm objective The optimum illumination 
for observing particles of precipitate is secured by closing the diaphragm of the condenser 
until a small (about 2 mm ) spot of light appears on the moi«t filter paper beneath the drop 
With verr little eicperience there need be no question about the interpretation of results 
One soon learns to distinguish particles of foreign matter from tho specific precipitate In 
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the sera which the author used the result was usually apparent within fifteen minutes, 
and in one hour at room temperature it was fully developed. The plates were refrigerated 
overnight as a matter of routine, but this did not prove of any advantage. Seldom have 
there been any cross reactions within one hour. Sometimes as the precipitate is forming, it as- 
sumes a diffuse ground-glass appearance, which may be caused to form clumps by carefully 
rocking the dish. 

Using the technique described, the author has grouped 236 strains of hemolytic 
streptococci of groups A, B, and C. Of these strains, 76 had been grouped by other investiga- 
tors by the Lancefield technique, and the author's grouping was entirely in agreement with 
theirs. A few strains of other serologic groups were also tested and gave no percipitate with 
serum A, B, or C. 

SPUTUM EXAMINATION, Comparison of Direct Smear, Plotation-Concentration and 

Culture in, Smith, C, E. Am. Eev. Tuberc. 38: 57, 1938. 

A single technique is described for the simultaneous examination of sputum by direct 
smear, flotation-concentration, and culture. 

A comparison is made of the results of simultaneous direct smear, flotation, and culture 
in the examination of 304 sputum specimens from 146 persons. 

Sixty-three persons were positive, 28.5 per cent by direct smear, 69.8 per cent by- 
flotation, and 88.8 per cent by culture. 

Ninety-six specimens were positive; 19.7 per cent by diiect smear, 62.4 per cent by flota- 
tion; and 88.5 per cent by culture. 

Culture and flotation are overlapping and supplementary. Each tost is capable of 
demonstrating tubercle bacilli, not detectable bj' the other. The routine performance 
of the two tests by a single technique is worth while. 

Procedure. — The sputum of three days is collected in an 8 ounce bottle. A "likely 
particle” is selected with a wide-mouth pipette, and smeared on one end of a glass slide. 
The remaining sputum is shaken five minutes in a shaking machine, with an equal amount 
of 0.5 per cent sodium hj-droxide. Two cubic centimeters of this preparation are removed 
and mixed with an equal amount of 2.5 per cent oxalic acid in a centrifuge tube. After 
incubation at 37° C. for thirty minutes, the acid mixture is centrifuged, and the sediment 
planted on two tubes of Petragnani’s medium. 

The sputum-sodium hydroxide mixture remaining in the bottle is subjected to the flotation 
test. It is incubated at 55° C. for thirty minutes, diluted to 200 c.c., and shaken five minutes 
with 1 c.c. of xylol. The creamy layer that appears at the top, after standing, is skimmed 
off with a pipette and spotted on the other end of the glass slide, three to five layers deep. 

Direct and flotation smears on the same slide are fixed, stained by' heating with carbol- 
fuchsin, decolorized, and counterstained with 1 per cent picric acid. 

All solutions and glassware used must be sterile. 

rUNGI, Pathogenic, Production of Surface Growth of, on Culture Mediums, Arch. Dermnt. 

& Sjqih. 38; 32, 1938. 

Phosphate, lactate, and a combination of the two increase the surface growth of cer 
tain pathogenic fungi. With combination or combinations will act depends on the organ 
ism. The base medium consists of 0.25 per cent cysteine and 4 per cent dextrose. 

Phosphate, lactate, and the tw-o together produce striking gross morphologic changes 
in the colonies of certain pathogenic fungi. 

It is suggested that substances which result in the change of organisms from a sub 
surface growth to a surface growth may be of value in bringing them to the surface 
in cutaneous infections, so that they can bo cultured and more easily destroyed by antiseptics- 
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INDICATIONS rOK COIiAJIIN IN CARDIOVASCULAR DISEASE 


Josppit IItNn\ Co\s M D , Cit\, N J 


IN AN oatliei imcstigatioii,' so\eial obsci\alions made in tlie tieatmont 
of a laried group of cardiac conditions When tins study uas conducted, par- 
ticalar attention was paid to ttio nsc of the same ding, cwaniin, in the treatment 
of a group of patients in the so called middle age period and decades subsequent, 
"ho s!io"od laijiiig dcgiecs of impaired mjocaidial efficicncj explainable on 
an arterioselciotie and atliciosclciotic basis 

There remains to be mitten a nc" chaptei in medicine, dealing uith this 
clinical entitj This tjqio of degenciatiic mjocaidial disease has been described 
as (1) the failing heait of middle age, (2) chionie coioiiaij artery disease, and 
(S) under a sjuidiome as multiple myocardial infaiction Corielafed clinical 
and autopsy findings on these cases of hypciteusiie degeneratiie heart disease, 
giiing histories of long peiiods of piogrcssnclj unpaired mjoeaidial efficiency, 
boar out the pathologic pattoiiis of niimeioiis small myoeaidial infaictions le 
suiting fioin multiple small closmes nith lesultmg diffuse i eplacenieiit fibiosis 
Clinically, the patient lefeiicd to, is a sthoiiic indiiidual, moio frequently 
a male, in the beginning of the sixth decade, « ith an essentially negatn e past 
histoij, 01 a laiiablo histoiy of cailiei hj pci tension, iiho has begun to notice 
breathlessness on exeitioii, diseomfoit oiei tlie sternum, lai^mg flora a feeling 
of imeasiiiess and piessiiie, to a steiioiaidia, onasioiial attacks of so called 
indigestion or acute indigestion, fullness and belehmg aftei meals or on exertion, 
and lacking the potentialities and dynamics of a jcai oi six months eailiei This 
uidmd iial may coiitniiic along uiidci a lediiecd progiam of aetiiity, iiliieh he 
noccKed for rubllcatloo Marcli 16 193S 


225 



224 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


the sera which the author used the result was usuallj^ apparent within fifteen minutes, 
and in one hour at room temperature it was fully developed. The plates wore refrigerated 
overnight as a matter of routine, but this did not prove of any advantage. Seldom hare 
there been any cross reactions irithin one hour. Sometimes as the precipitate is forming, it as- 
sumes a diffuse ground-glass appearance, which may be caused to form clumps by carefully 
rocking the dish. 

Using the technique described, the author has grouped 236 strains of hemolytic 
streptococci of groups A, B, and C. Of these strains, 76 had been grouped by other investiga- 
tors by the Lancefield technique, and the author’s grouping was entirely in agreement vrith 
theirs. A few strains of other serologic groups were also tested and gave no percipitatc with 
serum A, B, or C. 


SPUTUM EXAMINATION, Comparison of Direct Smear, Flotation-Concentration and 

Culture in, Smith, C. R. Am. Rev. Tubcrc. 38: 57, 1938. 

A single technique is described for the simultaneous examination of sputum by direct , 
smear, flotation-concentration, and culture. 

A comparison is made of the results of simultaneous direct smear, flotation, and culture 
in the examination of 304 sputum specimens from 146 persons. 

Sixty-three persons were positive, 28.3 per cent by direct smear, 69.8 per cent by 
flotation, and 88.8 per cent by culture. 

Ninety-six specimens were positive; 19.7 per cent by direct smear, 62.4 per cent by flota- 
tion; and 88.5 per cent by culture. 

Culture and flotation are overlapping and supplementary. Each test is capable of 
demonstrating tubercle bacilli, not detectable by the other. The routine performance 
of the two tests by a single technique is worth while. 

Procedure . — The sputum of three day’s is collected in an 8 ounce bottle. A “likely 
particle’’ is selected with a wide-mouth pipette, and smeared on one end of a glass slide. 
The remaining sputum is shaken five minutes in a shaking machine, with an equal amount 
of 0.5 per cent sodium hydroxide. Two cubic centimeters of this preparation are removed 
and mixed with an equal amount of 2.3 per cent oxalic acid in a centrifuge tube. After 
incubation at 37° C. for thirty minutes, the acid mixture is centrifuged, and the sediment 
planted on two tubes of Petragnani’s medium. 

The sputum-sodium hydroxide mixture remaining in the bottle is subjected to the flotation 
test. It is incubated at 55° C. for thirty minutes, diluted to 200 c.c., and shaken five minutes 
with 1 c.c. of xylol. The creamy- layer that appears at the top, after standing, is skimmed 
off with a pipette and spotted on the other end of the glass slide, three to live layers deep. 

Direct and flotation smears on the same slide are fixed, stained by heating with carbol 
fuchsin, decolorized, and counterstained with 1 per cent picric acid. 

All solutions and glassware used must bo sterile. 


FUNGI, Pathogenic, Production of Surface Growth of, on Culture Mediums, Arch. Dermnt. 
& Syph. 38: 32, 1938. 

Phosphate, lactate, and a combination of the two increase the surface growth of 
tain pathogenic fungi. With combination or combinations will act depends on the orga 
ism. The base medium consists of 0.25 per cent cysteine and 4 per cent dextrose. 

Phosphate, lactate, and the two together produce striking gross morphologic changes 


in the colonies of certain pathogenic fungi. 


sub- 


It is suggested that substances which result in the change of organisms from a 
surface growth to a surface growth may be of value in bringing them to the sur ^ 
in cutaneous infections, so that they can be cultured and more easily destroyed by antisep 
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action or bj^ the ways discussed, we have to imagine how eoramin is effective 
in conditions which are characterized clinically by the syndrome described 
earlier. Improvements of venous return flow, vital capacity, and ventilation 
are probably all factors in the improvement of coronary flow and myocardial 
efficiency. 

The conclusions of the earlier observations are briefly ; 

1. The margin of safety for eoramin is wide, as regards the single dose or 
use over prolonged periods. 

2. Electrocardiographicallj’’, the drug produces an increase in voltage for 
all the main ventricular complexes, an increase that is generally well sus- 
tained. There occurs at times, lesser and more variable changes in other com- 
ponents, such as the T-wave and the P-R interval. A few observations suggest 
that the A-V conductivity may lie slightly depressed in patients with hadir 
damaged mjmeardia. 

3. Subjective and objective changes which pointed to increased myocardial 
efficiency after sufficient dosage with eoramin. This improvement may be due 
to (a) an action on the extrinsic cardiac nerves, or (b) a direct action on the 
heart muscle, or (c) an increase in coronary flow. 

Some graphs illustrating the electrocardiographic changes described are 
given in Fig. 1. They are selected from the material in my first investigation 
and from this paper. In every ease all three leads were taken, although in order 
to save space only the one that shows the most characteristic but common change 
in these cases after the use of eoramin has been reproduced in some instances. 

Seventeen eases of chronic coronaiy arteiy disease were studied in this 
later observation. This number comprised a group of 13 white males and 4 
white females. The ages ranged from 47 years to 79 years. The entire group 
was urban dwelling in character. Three of the women were married housewives; 
one was an unmarried successful business woman. Of the males, two were 
physicians, eight w^ere business men, two were newspapermen, and one was a 
laborer. All of these cases showed evidence, clinically, functionally, and physio- 
logically, of impaired myocardial efficiency. Dyspnea was a cardinal sjTnptoni, 
varying from breathlessness on considerable exertion to breathlessness and 
cyanosis at rest. 

The following case histories are characteristic of those studied. 


Case 1. — E. V. L., male, aged G3 years, first noted breathlessness in December, 1936, on 
climbing steps. His attention was particularly attracted to this sj-mptom because of 
relatively long recovery period which brought him to his physician for examination. Sis 
past history was essentially negative, except that he was a voracious eater and inclined to 
worry. He had high blood pressure and was overweight. He was placed on a low calone 
diet, given some digitalis, and told to ease up his activities. In January, 1937, he had noven 
attacks of "asthma” during his sleep which necessitated his having an injection for ro ’ •, 
His examination on February 15, 1937, revealed: blood pressure 1G8/100, heart rate 96, 
lar and rhytlunical, heart enlarged to the left and downward, sounds of distant 
and embryocardie in nature, liver enlarged several centimeters below the costal margin, 
vessels distended and pulsating, pitting edema of the feet and ankles extending up to 
middle of the tibiae. 
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nuoro&cop> rc\c'i!etl jiiwlcrntc cnl'vrgi.went of tl>e inflow nnd outflow tracts of the left 
ventricle, elongation anfl tortucvitv of the nortic nrcli, with fli-^pl iccmont of the barium 
fillecl esophagus to tho 1 ICG *5hovvptl left i\is flcuition nnd liigh voltage Bod rest 

for three weeh*’, restriction ot fluids ml dnmsis o‘«t il ti'^hed vsati r balinee reducing the liver 
abolishing the ederao. and the IKK. turn vl vljajwv On Man U 2 19 7, cormuu 20 nviiums twice 
dail^, was commenccc! On Jfnrth 7, tin pvtunt no linger licflnfldcn resumed moderate 
actmtv which he increased gradually Since Jimt he has carried on Ins business com 
fortablj, even to tho point of being nble to climb steps uitliout diitrcssjng breathlessness 

CiSB 2 — J J if, male ngod 70 vears, norltd as a newspaperman until two ;jears ago 
It that time ho suffered an acute coronary occlusion from which he recovered sufficientlj' to 
become ambuHtorj, but with such hmitod iiyocardial efhciencv as to become djspneic on the 
slightest effort There Jmd licea no histon of hvpcrten ion m earlier life Pli; 5 sical c\am 
ination showed a concentncall} enlarged heart, diastolic pressure ringing above 100, and a 
diastohc murmur over tho aortic arei, probablj due to a rchitivo nthcroaclcrotic aortic m 
sufhciencj Fluoroccopj revealed a small amount of ftnil m l!u right costophrcnic sjnus, both 
lungs were not well aerated and showed evidence of conge tivc failure, elongated, tortuous, 
and dilated aortic arch and tlioraeu, aorti maihcillj iiilirgcl inflow and outflow tracts of 
both ventricles The neck vc sels were di tended and pulsating and the venous pressure 
was higli EKG showed low voltage and inverted Twavt All treatment had proved inef 
fectual in. restoemg compcasation., there was no longer i rc«pon«c to diuretics Conmm given 
in 30 mimm doses twice daih was commenced on March 38 3037 and continued until 
Jfay 27, 19^7, with no improvement Decompensation wns growing more complete 

In siimmaiy it is obtions that thcic lemaincd not a paitide of icsene in 
CasQ 2 Slj ocnrdial fibrosis Mas piobabl) so e\tcnsiT 0 , complete, and collateral, 
and coronary cuculation so inadequate as to pioducc little or no lesponse from 
any \asodilatory agent In addition ccutial depiession of circulation tvill 
mitigate mateiiallj against aiding peiiphcial cueulation Those cases failing to 
show any change undci the influence of coiamin medication fall under tins 
categoij 

CONCLUSION 

Out of a gioup of 17 patients suffering fiom the chronic coionar> arteiy 
sjTidrome, obsei\ed cliuicallj over a period of several months, and tieated 
solely vnth coramm medication, 12 vieie considerably improved, Kept free fiom 
symptoms, and niamtained in leasonablj complete economic restitution, 3 
patients Merc slightlj impiovcd, and 2 unchanged As an addition to the 
aimamentaiuuu of cardiac theiapj, coiamin is suggested in theiapeutie doses 
of from 20 to 30 mimims twice dailj, oiallj adimmstcicd in fiuit juices m the 
type of patient desenbed eailiei in this pnpei 
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DETERMINATION AND QUANTITATIVE ESTIMATION OP THE 
DECOMPOSITION OP CHLOROPHYLL IN THE HIBIAN BODY* 


JoArtriji Theodor Brugsch,! M.D., and Charles Sheard, Ph.D., 

Rochester, Minn. 


V ERY little clinical information is arailable regarding the decomposition 
of chlorophyll in human metabolism, although much is known concerning 
the chemical structure of the chlorophylls per se and their relation to the 
blood pigments and porphyiins III, as has been showm by H. Piscber,'' Conant,* 
and Willstiitter.^® 

Chlorophylls differ fi'om liemins in that thej' have magnesium instead of 
iron in the porphin nuclons and have different side chains, particularly the 
isocjmlie ring. By reason of this more complicated structure, chlorophylls 
and their higher derivatives show typical spectroscopic absorption bands which 
are very different, in both position and number, from the simpler spectra of 
heminogenous porphyrins. Thei'c is also the possibility of rotation and alio- 
merization. By proper chemical procedures chlorophylls in vitro may he 
changed to etioporphyriu III. Through these transformations, the phylogenetic 
relation, which may exist between hemin and chlorophyll in the natural de- 
velopment of pigments, can be made clearer. Therefore, theoretically, simple 
porphyrins might occur as final products in the human metabolism of chlorophyll 
Experimentally, however, it has not been possible to prove that increased 
eoproporphyrinuria was produced in the human body after feeding green 
vegetables, such as spinach, as has been shown by Brugsch,- and by Franks 
and Pikentseher.® On tlie other hand, phylloerythriid* and, more recently, 
pyrroporphju'in (RothemuucB'^) have been obtained as products of the de- 
composition of chlorophyll in beef bile. The alteration of chlorophylls in 1^^ 
entei’ie tract of ruminants has been investigated by li. Fischer and his col- 
laborators®- ** and by Rothemund.^^- The hj'droehloric acid in the stomach 
seems to have a pronounced effect upon the chlorophyll molecule in removing 
magnesium and possibly' also phytol and methyl alcohol. Rothemund has 
found pheophy'tiu a, pheopurpnrin 18, and phydioerytlirhi in the gastric mn- 
cosa of coAvs. Further changes in the intestines are brought about by’’ esten- 
sB'e reduction, deearboxydation, loss of rotation, and other modifications Avhich 
culminate finally’ in the fonnation of phydloery-thrin, a substance w'hich is » 
very important final product of the decomposition of chlovophydl in bovine 
metabolism. 

♦From the Division of Biochemistry and Division of Piiysics and Biophysical Research, 
the Mayo Foundation, Rochester. 

tFellow in Biochemistry, the Mayo Fonndation. 
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TJieic aic a laigc iiumbci ot sUps m the dccoiiipositioii between chloro 
ph}]l aiul pbjllooi} tbiin Some of tluse compoiuKls ba\e been isolated and 
chemieal]^ an«ih7ed b^ 11 Pistbei aiul lus eollnboiatois The method of 
Willstattci 1*5 geJlelal]^ u&ed to isolate the pioducts of decomposition This 
method is based on the fact that both poipliMiiib and pioducts of the decom 
position of cbloioplnll aie extracted fiom cthci h\ specific concentiations of 
Jndiochlonc acid, depending on the bnsiciU of the compounds The concen 
tration of Indiochloiic acid necessai\ to extiact them becomes pioportionatelj 
loiTcr as the change in decomposition of chloioph\ll is mci cased "VViUsttitter 
defined the Indrocldoiic acid numbei as the poiceiitage amount of this acid 
nhieli mil iemo\e about tuo thirds of the dissoh cd substance fi om an equal 
amomit of etliei Using puie piepaiations AVillstattei obtained the data gnen 
m Table I 

TvBir t 


The Pei itionsiiip Betheln the CoNcrsTrcTioNs oi H\Dp<»tnroric Acid and tub Exttac 
TiON or Vapioos DEcoifposiTiox pRoncoTs oi rirroRopimt M rrrr Etiiep 


coirrouvD 

ncl MMOEP 

PErCENTIOE ncl ABLE TO 

EXTEACT PfACTICALLV 
TOTAL AMOUNT 

Plicoplntm a 

20 

32 

Phcophytin h 

35 i 


Hcthjlpheopliorbidc a 


18 

Methjlphcopliorbidc b 

31 i 

23 

Pheopliorbide a i 

15 

17 

Pheophorbido h 1 

19 5 


Phytochlorm e 

3 

4 5 

Phytorliodin g 

0 

11 

Pjrroporplijnn i 

15 


Rbocloporphjrin 

3 

4 

PlijIIoporphjrm i 

0 75 

16 


mfthods 

1 Eiciractwn — AVe ha^e employed AViIlstattei ^s punciple to obtain the 
decomposition compounds of chloroph}!! uhuh ma\ exist in human feces Ten 
giams of the amount of feces, eoilected in a peiiod of tirentj four horns and, 
if possible, after feeding a meat free diet, neie treated uith acetic acid and 
tiansferied into ethei Aftei the romoial of poiphjnns, compounds of 
chloioplijll could be uitlidiauii from the ethei b\ successive extinctions uitli 
10 pei cent hj diochloiie acid, 25 pei cent hjdiocWoiic acid, 37 per cent hj dro 
chtonc acid, using ethei and hj diochloiie acid in the propoition of about 3 1 
b} volume The extinction is peifoimed as follows 

Ten giams of the collected feces aie giound in a mortal, and about 10 
to 15 c c of glacial acetic acid is added To this mixtuie, /5 to 100 cc of 
ethei IS added, and the inixtiue is again giound, the ethei cxtiaet is then 
transfened to an Erlenmever flask The zemaindei of the feces is gionnd 
icpeatedh bv adding a few cubic eentimeteis of glacial acetic acid and ether 
until the lesuHant extraction of ether appears piacticalb coloiless All ex 
tracts of ether, togethei with the remainder of the ground feces, are shaken 
together in a machine for two hours Then the mixtine is passed through an 
oidmarj paper filtci and washed in a separatorj funnel with distilled water 
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to remove the free acetic acid. The procedure is carried on until the wash 
ivater no longer turns blue litmus paper red. 

The acid-free ether is shaken with small amounts of 5 per cent hydro- 
chloric acid in order to remove the porphyrins. The shaking is repeated two 
to three times for fifteen minutes. The 5 per cent hydrochloric acid extract 
contains all the porphyrins but some protoporphyn-in may remain in the ether, 
especially in cases in which the feces contain a large quantity of hernia com- 
pounds produced by the presence of blood or meat in the intestinal tract. 
This protoporphyrin may be obtained in the subsequent extraction with 10 
per cent hydrochloric acid. 

In the 5 per cent hydrochloric acid we have frequently found, by spectro- 
scopic examination, derivatives of chlorophyll which are carried down along 
•with the porphyn'ins. This is likely'^ to occur in the presence of colloidal 
impurities, although the hy^drochloi’ic acid number of those compounds may 
be far higher than the concentration of hydrochloric acid used. In order to 
separate such ehlorophydl compounds from poi*phya'ins and to restore them 
to the ether extract, we have found it necessary to neutralize the 5 per cent hydro- 
chloric acid extract wdth sodium acetate until Congo paper remains red. The 
porphywins and ehlorophydl compounds are then placed in a separatory funnel 
and are extracted by ether containing a few drops of glacial acetic acid. It h 
necessary to extract the neutralized solution of porphyrins and chlorophylls 
several times with ether, adding some glacial acetic acid to maintain an acid 
reaction in order to avoid the loss of ehlorophydl derivatives. We have used 
the property of red fluorescence in ultraviolet light to determine the presence 
of small amoimts of porphy’rins or ehlorophydls. Larger amounts of the com- 
pounds of the chlorophyll type may be determined with a pocket spectroscope, 
especially by observing the band in the red region. The ether-acetic acid 
extract must be washed with slightly alkaline (Na 2 C 03 ) distilled water and 
later with pure distilled water. The process is repeated until the acetic acid 
is removed from the ether. Subsequently^ the porphyudns may be removed by 
repeated shaking with 5 per cent hydrochloric acid. The decomposition prod- 
ucts of chlorophyll which have higher hydrochloric acid numbers remain m 
the ether. The derivatives of chlorophyll which are in solution in ether are 
added to the ether extract, previously’- obtained, which contains the largest 
part of the chlorophyll compounds. 

The foregoing separation of porphywins from chlorophyll derivatives ob- 
tained from human bile and feces is adequate because, from our observations, 
phylloerythrin does not appear in any appreciable amount as an end product 
of ehlorophydl metabolism. It would be difScult to separate phylloerythrin 
from other porphyrins, because the hydrochloric acid number is about eight 
(Brugsch and Key's"). 

After the removal of porphyrins, the various ehlorophydl derivatives m 
ether are extracted, in turn, with 10 per cent, 25 per cent, and 37 per cent 
hy'drochlorie acid. Each extraction is done three times with the same concen 
tration of hydi’ochloric acid, the relation of the volume of ether to the volume 
of hy’-drochloi’ic acid being about 3 to 1. In this manner three hydrochloric 
acid fractions are obtained finally.- (1) 10 per cent, (2) 25 per cent, an 
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(3) 37 per cent liydroclilorio acid; the mnaindor is (4) the ether fraction. 
Eacli fraction is examined spcetroseopicaliy for tlie presence of absorption 
bands characteristic of chlorophyll derivatives, 

2. QmniiMivc Esiimaiions of Chlorophylls and Their Derivaiives. — ^Vari- 
ous methods may be used for the qnantitative estimation of the chlorophylls or 
their derivatives which may be present in the four fractions. 

A. Colorimetric determinations: the comparison of the intensity of the 
green color with the intensity of a standard solntioa of chlorophyll. This 
method can be used only for pure preparations (Willstatter). 

B, Flnorescenee determinations: the comparison of the intensity of the 
red lliiorescenoo, in ultraviolet light, of an unknown amount of chlorophyll 



— Curves of the spcctrophotomctrlc transmissions of solutions of crystallized prep- 
a^Mons of chlorophyll In the reeion 6S0 to 690 minimlcions, i, 0 01 mg. per c.c. of ether or 
etone; 2, 0.02 ms- per c.c. of acetone 


derivatives ivitli a standard fluorescent solution. One of us (Brugseh^) has 
used the fluorescence of coproporphyria as a standard to determine the rela- 
tive amounts of compounds of chlorophyll decomposition extracted with 25 
per cent hydrochloric acid from human feces, biles, and urines. The difficulty 
in xising this method is the fact that solutions of chlorophylls and also solu- 
tions of their derivatives, which have high hydrochloric acid numbers, lose 
some or all intensity of fluorescence when they pass into a colloidal state. 
It is not possible, therefore, to keep standard solutions of chlorophyll for 
several days without loss of fluorescence. Hence the quantitative estimation 
of fluorescence as a measure of the amount of chlorophyll compounds which 
uiay be present is not satisfactory. 
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C. Speetropbotometric determinations : tlie measurement of the percent- 
age of transmission (or absorption) of light in the red region of the speetriini 
by solutions of chlorophjdls and similar compounds and the comparison ivitli 
the transmission (or absorption) of light in the same spectral region hv a 
standard solution of chlorophyll in the same condition (acetic acid ether). 
We have used a direct reading spectrophotometer, the so-called Keuffel and 
Esser color analyzer. This apparatus and methods for the spectrophotometric 
determination of porphyrin -were described by Sheard, Osterberg, and 
Goeckerman.^® 


We have used standard solutions containing 1 or 2 mg. per 100 e.c. of 
crystallized preparations of chlorophylls. These materials were obtained from 
the American Chlorophjdl Co., and were mixtures of chlorophyll a and 6. For 
each speetrophotometric determination we haA-e prepared a fresh solution of 
chlorophyll in ether in the presence of acetic acid. A standard solution, whidi 
contains the same amount of chlorophyll in acetone, gives the same spectro- 
photometrie reading as does a solution in ether. Pig. 1 shows the spectroplio- 
tometric readings obtained in the region of the red absorption band of three 
standard solutions of chlorophyll; two of them (curve 1) contain 1 mg- of 
chlorophyll 2 ier 100 e.c. of ether or acetone, and the third contains 2 mg. pof 
100 e.c. of acetone. The maximal absorption occui’s at approximately 665 
millimicrons. For control purposes, ive also made simultaneously qualitative 
spectroseojiic examinations of tlie solutions and determined tlie presence of 
other absorption bands of chlorophyll derivatives. This procedure enabled 
us to rule out the presence of compounds which have similar absorption hands. 

It should he emphasized that jiveparations of chlorophyll are affected 
readily by acid and other vapors in the room, as well as by light. Hence it 
is essential that a new supply of crystalline chloroiihyll be used for the prep- 
aration of a standard solution. When solutions are prepared in this manner, 
the spectrophotometrie readings at the point of maximal absorption (that i'- 
665 millimicrons) are practically tlie same (that is, 57 and 60 per cent, respee- 
tWelj^). We have found that cry.stalline clilorophyll, which has been kept 
for a few months, may .show a shift of the maximal absorption to (appvo-u- 
mately) 670 millimicrons. 


We hav'e taken 58 per cent as the average value of the spectrophoto 
metric transmission of the standard 1 mg. jier 100 e.c. of a solution of 
ehlorophydl at 665 millimicrons. We hav^e neutralized the free hyclrochlorif 
acid in the hydroeliloric acid extracts of chlorophyll derivatives from kuinan 
feces with sodium acetate and sodium hydroxide and then transferrecl into 
ether with acetic acid before obtaining the spectrophotometrie readings on 
solutions containing unknown amounts of chlorophyll derivatives. In ever.' 
instance we made the speetrophotometric determinations as soon as possi e 
after the transfer into ether. The amount of pigment can be determined fro® 
the laws of Bouguer and Beer, 


Cl - log Ii 
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in \i!ncli Cl .111(1 C. .lie tlie lespedno coiitciifiiitioiis and Ii and are the 
I)eicciit.af»es ol ti.insmitted li"ht .it the in.i\imal .Ttisoi[)tioii value (that is, 
GGO to 670 iiiilliiiiieioiis) TJic siiiibolv { , .nid !, uiei to the staiidaid solu- 
tion, m this t.ise the iwne lenjrlh ot iii<t\im.il absoiption is GOo inilliniierons 

QUV61ITATi\L ESTIMATIONS OE IIU OMIDsITIOS (I ( III OliOl’IIV 1 1, SUIiSEQUCNT TO 
Tin; iNoi'siios or v (.imi.vi tut oi but 

Table II pnes the values ol the (oiueiiti.itioiis (pel 100 gin of feces) of 
the pioilucts of eliloioplivll dei onipositioii iletei iiinied liom the speetiophoto- 
inctiie leadings and ,i svilistitntion lu the cii ii.it ion (".piessuig the Bougvtei- 
Beci law 

TvaiF II 


Airousxs or CnromivLi Dliiivtivis Fvti \.ih> nv V iii.is Com fsttitioss of Ilvuro 

I in on. V( n. 



30 % nc\ 

(MC irr 100 GM 

FECES) i 


7 % ltd 

Cvit, pft TOO Qvi 
Frees) 

ETiicr 

(arc TEF 300 OM 
rn rs) 

1 

0 712 i 

02 o 

132 

no 

2 

21 1 

22 0 

5C 5 

105 

? 

0 787 

2 O'* 

24 

Negative 

4 

OGSO 

2 45 

30 10 

105 

5 

0 012 

I” 723 

40 ”! 

7 625 

1 

0 311 

7 72 

20 S 

0 570 

7 1 

Tnrc« 

1 53 

1 VM 

3 353 

8 : 


4 12 

1 r s 

0 55 

9 

NcgMnt 

Ncg itne 

I 2 40 

Traces 

10 

Nogatixo 

NigaNve 

' 7 40 

C 85 S 

11 


Negative 

10 70 J 

Negative 

12 

Ncffifuc 

0 < 72 

4 OS 

15 

n 

Nogstno 

0 527 

3 t 95 

0 8 G 

U 

Negatiso 

Negative 

•' 34 

Negative 

35 

Nogntiro 

0 4573 

4131 

? 

10 

Xcg'\ti\o 

24 

0 27 

4 877 

37 

Negative 

! Negitive 

0 l )3 

0 48 

18 

Negative 

' Negitivc 

414 

3 05 

19 1 

Negative 

J SO 

4 23 

2 27 

20 1 

Negative 

0 810 

4 725 

21 G 


1 Pheopkytin Fiuctwn (37 Pa Catt Hydtoihloiic Actd ) — The lesults 
obtained show that the laigest pait ol detoniposed thloiophjlls ioiind in 
liiunaii feces cannot be extiacted fioin cthei iiith 10 pei cent oi 25 pel cent 
hjdiochloiic acid, but oiilj vntli 37 pei cent hvdiochloiic acid Tbeiefoie, 
accoiding to oiii methods and data, the laigest pait ot the chloiophj 11 decora 
position in the bowels lias not piogiesscd bejond its niitml stage This fiac 
tiou nia.v be called the pheophj tin function, the largest pait being pbeopbjtiii 
(1 Cuive 1 of Pig 2 shons the speetiopliotoinetiic fr.ansmissioii of this frac 
tion after neiitialiAation of the lijdiochloiie acid with sodium hjclioiide and 
the trausfei into ether 

It IS well known tli.it pheoplijtuis in conccntiated hydiochlouc acid aie 
leiv unstable Pheoplotm is conveited into pbeoplioibide leadily bj the 
action of hvdiochloiic acid Aftci standing foi a few lioius, pheophjtiiis in 
37 pel cent hjdioclilouc acid aic changed completely to pheoplioi bides Hence 
Me have allowed the compounds of the pheophvtm fi action to leraain in the 
37 per cent bydroohloiio .sold for seveial boms in ordei to convert them into 
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pliorbides. The phorbides are transferred into ether and again extracted; 
initially with 18 per cent hydrochloric acid to obtain the pheophorbide a, and 
later with 22 per cent in order to obtain the pheophorbide b. The 18 per cent 
hydrochloric acid contains the largest part of the pigments. This fraction is 
taken into ether and esterified with diazo methane (Fischer and Riedmair”). 
After standing twenty-four hours, plieophorbide is com’^erted into chlorintri- 
methjdester. This compound can be crystallized from acetone methyl alcohol 
and recr 3 *stallized out of ether method alcohol. The typical prismatic crystals 
hare a melting point of 210° C. 

2. Phorhidc Fraction (25 per cent hydrochloric acid). — The 25 per cent 
h 3 'di'ochloric acid fraction of the decomposition of liuman chlorophyll often 
contains compounds which, according to their hydrochloric acid numbers, are 
phorbides. Investigations of H. Fischer and Stadler* revealed some products 
of the decomposition of chlorophyll in feces of ruminants, especially of sheep. 
Thej' found compounds such as pheophorbide a, pjwropheophorbide a, dihydro- 



Fig. 2. — Curves of the spectral transmissions of the decomposition products of 
phyll ; 1, 37 per cent hydrochloric acid fraction in ether; Z, 25 per cent hydrochloric acid ird 
tion in ether. 


pheophorbide a, pyrropheophorbide h, or so-called probophorbides. We have 
not been able to determine whether these are the same compounds whic^ 
occur in human chlorophyll metabolism, and, if so, which of them occur. The 
curve of spectrophotometric transmission of such a mixture obtained by ex- 
traction from ether with 25 per cent hydrochloric acid is shown in Fig- % 
curve 2. The phorbide fraction may be fairly large in relation to the total 
excretion of ehlorophjdl products but not in excess of (approximately) 40 pe’’ 
cent, and comprises a variable part of the total amount of such pigments m 
the feces (see Table II). 

3. The 10 Per Cent Hydrochloric Acid Fraction. — The amount of decom- 
position products of chlorophylls obtained from the feces is the smallest m 
the 10 per cent hydrochloric acid fraction. These decomposition products^® 
detectable only after large amounts of chlorophyll have been ingested, 
were not able to prove the presence of phylloerythrin in human feces or in • 
If we take the spectrophotometric transmission of this fraction in 10 per c® 
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hydroclilorie ncicl fraetiaji (after the removal of impiivitics tlirougli repeated 
transfers and extractions between ether and 10 per cent liydroehlorie acid), 
wc obtain cniwcs (Fig^. 3, curves 1 and 2) which show tiirce or four bands in 
both human bile and feces (obtained by treating 10 liters with acetic acid 
ether) instead of the two bands typical of phylloerytiirui in 10 per cent hydro- 
chloric acid. 

The speetropliotoinetrie curves obtained from 10 per cent hydroehioric 
acid extracts of bile and feces differed markedly from tbe spectral transmis- 
sion curve of pbylloeri-thrin in 10 per cent liydroehlorie acid in that they 
exhibit the strongest absorption band in the red region {Pig. 3). These data 
and eurves, and .similar results, show that, in the decomposition of chlorophylls 
in the imman body, compounds appear in biie and feces wliieli are extractable 
from ether with 20 per cent liydroehlorie acid and whieli may be differentiated 
readily from pbylloerytlirin in 10 per cent liydroehlorie acid by the presence 



V ,, 3 — Curves of the spectral transmissions of the decomposition products of chloro- 

hyUrochlorjc acid extract of feces ; t, 10 per cent hydrochloric acid extract 
01 bile; curve i Is the spectral transmission of phylloerythnn In 20 per cent hydrochloric acid. 

of an absorption band in tbe red region of the spectrum. Furtbermore, there 
IS in ether a very noticeable difference spectroscopically, especially in the red 
region, between pbylloerythrin and such compounds. The spectroscopic data, 
showing the presence and limits of the observed absorption bands, are : pbyllo* 
erytbrin in ether; I. 638 to 633 millimicrons, II. 597 to 579 millimicrons, III. 
564 to 554 millimicrons, and IV. 528 to 513 millimicrons ; in lunnan decomposi- 
tion of chlorophyll (10 per cent hydrochloric acid fraction) ; I. 673 to 656 
millimicrons, II. 605 to 581 millimicrons, III. 565 to 554 millimicrons, and IV. 
537 to 520 millimicrons, 

4. Chlorophyll Fraction (ether ). — The chlorophyll remaining in the ether 
after all the extractions with different concentrations of hydrochloric acid 
aiay be, in part, unchanged. On the other hand, some chlorophyll may have 
been changed but cannot be extracted by hydrochloric acid in the presence 
of impurities, especially fats and colloids in the ether. 
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QUANTITATIVE ESTIMATION OF DECOMPOSITION OF CHLOROPHYLL 
AFTER INTAKE OP CRYSTALLINE CHLOROPHYLL 

In order to exclude tlie possibility of changes in cbloroplijdl produced hy 
the preparation of the food prior to its ingestion, ive gave several hundred 
milligrams of standard chlorophyll in capsules to persons with normal metabo- 
lism and on a chlorophyll-free diet. Tlie data of Fig. 4 show the increase hi 
the excretion of the various decomposition products under the administration 
of chlorophylls given hi doses of 100 mg. a day for four days. We have made 
the same fractionations with 10 per cent liy'drocliloric acid, 25 per cent hydro- 
chloric acid, and 37 per cent hydrochloric acid, as were used in the investi- 
gations following the ingestion of a general type of meal. The pheophythi 
fraction is largely predominant. In one instance we were able to recover 
about 43 per cent of the 400 mg. of chlorophyll ingested. In another case 



there was excreted 72.7 per cent of chlorophyll subsequent to the first ad- 
ministration of 100 rag. of material. 

The question arises as to whether such a loss of chlorophyll compounds 
is due to difSculties of the methods of extraction, the iiresenee of impuTh^*^®' 
absorption, and so forth, or whether, in addition to the type of chlorophyh 
decomposition we have investigated, there are other ways and means for di® 
body to break down those pigments. 

It has been suggested that the chlorophylls are decomposed to porphyi'i^® 
in the course of metabolism and appear in the urine. We have iiivestigaf®^ 
quantitatively this possibility', over a considerable period of time, in different 
individuals with and without the administration of chlorophyll. In the twenty 
four-lionr specimens of urine we have found eoproporphyrin with 113.6 gamma 
as the highest value and, three days after stopping the feeding of chlorophy^ 
there was still 80.6 gamma in the urine. On the other hand, the amounts o 
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poipliMins m tile fcccs (lining file mtaU of 400 mg of ciiioiopiijll nas 770 
gamma ns the highest mine anti oiili 4h6 gimm.i as its loiicst value (iailj 
It (Iocs not seem possible, thciefoie that the noinial pioeess of clilorophjli 
decomposition in tlie hniiian bo(h should lend to iaipe amoiuits of poiplniins 

Theie is aiiothci possibilits of (he bieilvdonn of such coiiipoiinds H 
Fiscliei and Sfadlei hn\c mentioned the appeaiance of lediaed “leiico” com 
poiiiuls Minch could be isolated ns pli\lloeisthim b\ leoMclation of the 
conipoHiKls esliacted fioiii the nash intei We ha\e not iinestigated the 
presence and the impoitance of such coinpoimds The question also arises 
as to Mhethei there is am dneet lelationship betMcen the presence of larger 
amounts of bilinoulal pigments in urine and feces aftei the ingestion of food 
rich m chloiophjll Tins piohleni in so fai as ire hiioii lias not let recened 
am serious iiiscstigation 

suMV \r\ 

1 Methods aic deseiibed hi mIiicU it is possible to evtiact and to esti 
mate spectiophotometricall3 the amounts ot decomposed piodiicts of cbloio 
pin 11 Minch aie found iii human bile and feces 

2 Tlie spectiophotoinetiio detcinunations of muons chlorophjll com 
pounds in ethei are based on the niteiisitj of transmission in the letl region 
(approximate!} 6G5 nnlliraicrons) as compaicd nitli the transmission in the 
same legioti, obtained luth a standard solution of ci3Stalline ohloioph}!! a 
and 1) 

3 The pioduets of decomposition of chloioph}!! neie sepaiated into four 
fractions (1) 10 per cent hidiochloiic acid (2) 25 pei cent h3dioehIorio 
acid (phorbides), (3) 37 pei cent hidiochlouc aeid (pheoph3tins), and (4) 
ether (chloioph} 11s and otheis) 

4 The pheoph5tin fiactioii Mas found to be the largest poition of the 
products of chloioph} II decomposition recoiered from human feces 

5 The pieseuee of pheophttm a was piosed h} the conveision into 
pheophoibide a and ei}staIlizatiou into chlormtriraeth} lostei (melting point, 
210° C ) 

6 Tlie 25 per cent fi action was found to contain phoibides 

7 Compounds soluble in the 10 pci cent hydiochlone acid fiaction weie 
obtauied fiom human feces imd human bile, spectiosoopio ana!}ses sliovred 
them to be different fiom ph} lloerythnn, both m the feces and m bile We 
weie not able to pioie the presence of ph} lloeri tin in 

8 It is possible to obtain the same fi actions of chloiopliill products in 
the feces after the ingestion of pure ci} stallme chloi opii} 11 m ith a chloi ophyll 
flee diet as uudei a geneial diet The loss of the ingested enstalline chloro 
ph}ll ma} amount to as much as 57 per cent 

9 It IS shown that the loss of ehloroph}!! is not due to the eonieision 
into excreted porpl^Tins 

10 The possibilities concerning the fate of chloioph} II in human metab 
olism are discussed briefl} 
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PBONTOSIL AND THE TREATMENT OP SPREADING PERITONITIS 

IN DOGS'' 


John 0. Bower, M.D., and John C. Burns, M.D., Philadelphia, Pa., an» 
Harold A. Mengle, M.D., Franklin, N. C. 


I T IS NOT without some hesitancy that we present this report of our investtga- 
tion of the effect of prontosil upon spreading peritonitis of appendiceal orignh 
experimentally produced in dogs. The early reports of the efficacy of sulfa»^*‘'' 
mide against coccal infection, especially streptococcal, meningococcal, and gono' 
coeeal, aroused a wave of enthusiasm which resulted in regrettable untotvar 
effects and fatalities. Now tliat reports and warnings of various ill effects 
been published, perhaps the medical profession will view fai'orable conelnsioi'^ 
from recent experimental work more deliberately tlian heretofore. 

*Protn the Department of Research Surgerj', Temple University School of MecDcine, F*'*'' 
(Jelphia, Pa. 

Received for publication, March 28, 19SS, 


BOWER LT AE SPBE\DING PLKtTONITIS IN DOGS 2itl 

AYlule oiu lepoit deals witli jiiontosil — disodmm 4 sulfamido phenyl 2 azo 
7 acotjhmmo 1 Uj dio\j naphthalene 3 C disiilfonatc* — it is well laioivn that this 
substance is eloselj i elated chomicall} to sulfanilamide and in the body is con 
\ Cl ted into and depends upon the action of that substance foi its effects Foi 
ob\ious icasoiis, theicfoio, we mciclj present the lesults we obtained in experi 
mental animals without fiuthei comment Wc have not used it for the treat 
meiit of spi ending peutonitis in man m a suffieieiit numbei of eases to mahe a 
leport 

AVe have aheadj lopoitcd an extensive study ot tlie bacteriologj of ap 
pendiceal peritonitis in both man ami dog ' In bnef this studj shows the pre 
dominating organisms in man to be IS coh (GO pel cent of cases) and vaiious 
strains of streptococcus (39 pei cent of eases) In the dog, the incidence of 
IS coh was much lowei (appioximatclj 27 pei cent) while that of the strep 
tococcus remained about the same (32 pei cent of cases) In both man and 
dog, Cl xiclclni was piesent as the picdominating anaerobic oiganism (60 pei 
cent and 03 pci cent, respcctiv elj ) The high incidence of sticptococci (of 
various stiains) and Cl ucichn prompted this investigation 

The method of induction of spreading pentonitis in dogs and its tieatment 
with horse seium, peifungciis antitoxin and hophibzcd convalescent seiura, 
have been pieviousl} loportcd “ The icasoiis for selecting dogs for this expeii 
mental vvorh arc of sufificicnt impoitancc, hovvovci, to vvanniit repetition 

1 Dogs aie alvvajs available foi expciimental work 

2 AVhile the appendix of the dog is verj much laigei than that of the 
human being, especiallj when eompaicd to the size of the intestine, it has a 
similai stiueture, and its base and mcsenteiv can be easily ligated and gangrene 
readily induced 

3 The peritoneum of the dog is nioie resistant to infection than that of any 
other animal having an appendix This is a decided advantage because the 
gradual development of the acute process makes possible accurate observation 
of gross changes and facilitates removal of tissue and exudate for histologic 
and bacteriologic examinations 

4 The constitutional leseetion of the dog following an induced gangrene 
of the appendix is similar to that observed in the human being when the 
appendix is acutely inflamed Temperature is moderately' elevated, the heart 
rate is moderately increased, the dog vomits and remains in one position unless 
disturbed Examination shows a neutiophilic leneocy tosis, and the blood cul 
hire is nival lably negative for microorganism Wlien lupture occurs, the 
temperature and pulse are greatly increased the tongue becomes dry, the eyes 
lusterless, and the abdomen moderately distended 

5 In addition, the complications of mechanical ileus and metastatic ab 
scesses do not develop fiequently, so that the svmptoms and signs accompany 
mg these hazards do not have to be dealt with 

rollovvnig the induction of gangrene of the appendix, in appioximately 
50 pel cent of the dogs a small localized abscess forms, and they reeov er without 
any treatment The intraperitoneal changes which aecompanv reeoverv eloselv 


•The prontosiV for this in\esUgation was furnished bj the TNmthrop Chemical Co 
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resemble those observed in the bnman being. A certain percentage, ho^Yever, 
will develop peritonitis and die. This percentage is increased bj' the administra- 
tion of laxatives, just as in the case of man. The time of administration, kind 
and cpiantity of laxative administered, influence the mortality decidedly. 

TECHNIQUE 

1. Selection of Aninuds. — Dogs were selected at random, except that the 
control and treated dogs were of approximate size and weight. Pregnant dop 
and those weighing less than 5 kg. were not used. Occasionally dogs were avail- 
able that had been operated upon previously; but those that had abdominal 
operations and had been returned to stock within thirty days were not used. 
No effort was made to prepare the dogs for operation, except that they were not 
fed that morning. 

2. Opernfire TccJuu'gnc. — Ail the operations were carried out under ether 
anesthesia. The abdomen was shaved, scrubbed with ether, and painted with 
3.5 per cent tincture of iodine. Using aseptic technicpie, a right rectus incision, 
abont 10 cm. long, was made, the appendix located, drawn up, dissected free of 
its mesenteric attachment, and all bleeding vessels clamped and separatclv 
ligated with fine silk. A double ligature of silk was then tied tightly around 
the appendix as close to its base as possible. After inspection to insure com- 
plete hemostasis, the abdominal contents were replaced and the wound closed 
in layers, using silk throughout and re-enforcing, the fascia with interrupted 
sutures. Drains were not used. During the operation, precautions were taken 
to avoid the escape of blood into the i>eritoneal cavity. No dressings were 
applied. 

3. Adminhirdiion of Laxatives. — Early in onr study of appendiceal peri- 
tonitis vve found that by giving 30 c.c. of castor oil to the average dog twenty- 
four hours after operation, a spreading peritonitis could he induced in about 
70 per cent of the eases. The mortality of this particular series was 68.5 per 
cent; 91.9 per cent of the deaths w-ere due to spreading peritonitis. We then 
gave 30 c.c. of castor oil to a group of animals directly after operation. 
mortality rose to 78.3 per cent, and 94.5 per cent died of spreading peritonitis- 
An average dose of 54 c.c. of castor oil was then given to a third group of dogs 
immediately after operation: the moitality rose to 91.7 per cent, and 100 per 
cent died of spreading peritonitis.^ These experiments proved that the time of 
administration of laxatives and the quantity of laxative administered influence 
the outcome. Every animal that received 2 ounces of castor oil the day of opera- 
tion, or twenty-four hours following the operation, died of spreading peritouffis- 

4. Postoperative Care. — The animals were jffaced in metabolic cages and 
allowed to recover before being returned to the animal house. Pood and water 
were placed before them. Thej- were disturbed only when brought to the operat- 
ing room for the administration of prontosil. They were returned to the anim* 
rooms immediately after this pi-ocedure, with as little handling as possible. 
Special care w-as taken to avoid squeezing or massaging their abdomens. 

Post-mortem examinations were cari-ied out in all instances as soon as po^ 
sihle. If post-mortems were not done to determine the cause of death, if 
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animal tliccl of pneumonia oi otliei complications iiitinn ten tlajs, oi if at sub 
sequent opeiation llie .ippemlix was foiniil to be intact, showing that the ligatnie 
had slipped, then the icioid was discaidcd 

nisuLTS or the tiiditmlst with rnosTOain oi indlled spri iwno 
PEI lITOMTls t\ DOGS 

Twelve dogs weie used as a coiiliol gioiip for eompaiisoti with the treat- 
ment gioup The aioiagc weight of these coiitiol dogs was 116 kg The 
appendix was ligated at its liase, and the mesenteii was stiipped free and 
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ligated sepal atelj An aierage dose of 54 cc of castoi oil was gnon immedi 
atelj aftei operation The moitalitj was 917 pei cent, 100 per cent died of 
spieadmg poiitomtis, and the aieiage iiumhei of houis those that died sniincd 
the opeiation was 66 In the treatment gioup were 22 dogs The aierage 
weight was 11 03 kg , the aioiagc weight of those that Ined was 12 1 kg , and 
of those that died, 10 03 Kg 'With two exceptions, the dose of eastoi oil was 
60 ec Two dogs in the ticatment gioup icceived onlj 45 ec of castoi oil, 
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instead of 60 c.c. One of these dogs lived and one died, No. 763 and No. 793, 
respectively. In the treatment group, those that recovered or died received the 
same amounts of castor oil. 

Dose and Method of Administration of Prontosil . — Each dog was given 1 c.c. 
of prontosil per kilogram of body weight every eight hours, day and night. It 
was given intramuscularly, because our previous experience with porfringeiis 
antitoxin had shown that the intramuscular injection was more effective.^ Each 
of the 22 dogs received an average dose of 51.2 c.c. total of prontosil. Those that 
recovered received an average total dose of 58.6 c.c., and those that died, 43.9 c.c. 
The average individual dose of those that lived was 11.8 c.c.; of those that died, 
9.4 c.c. The diminished total dose of those that died is due to the fact that 
death interrupted further treatment. The animals that died survived the opera- 
tion an average of 80.1 hours. The mortality of tliis group was 50 per cent; 
11 dogs lived, 11 died. In those that lived, subsequent operation showed that 
the appendix was completely absorbed in every instance. Of those that died, 
100 per cent died of spreading peritonitis. Table I shows tlie weight, total dose 
of prontosil, and the outcome of each individual dog, 

SUMMARY 

Twenty-two dogs, average weight 11.1 kg., were operated upon under ether 
anesthesia. Gangrene of the appendix was induced by ligating the blood vessels 
in the mesentery and the base of the appendix. 

Spreading peritonitis was induced by the administration of 58.6 c.c. (aver- 
age dose) of castor oil immediately after operation. 

One cubic centimeter of prontosil per kilogram of body weight was injected 
intramuscularly every eight hours, day and night, until the animal had either 
died or shown sufficient improvement to indicate he would recover. 
mortality of this group was 50 per cent. 

A control group of 12 animals, average weight 11.6 kilograms, was operated 
upon as described, given 54 c.c. (average dose) of castor oil immediately after 
operation, but received no treatment. The mortalitj’^ of this group was 91' 
per cent. 
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THE Acrrox of ClUmiCAL AXD physical AGKiVTS ON 
CLOs'nuDimt welciiii and its toxin* 


XiiANcis E. Coi,m.v, Pit.D , Omaha. Neb. 


tile early invostif,'atioiis ot Jliiiek (IbSC), considerable work has been 

reported on the effects of x-ray.s and ultraviolet light on mieroorganisms. 
Jloore and Kcrslen (1936) prepared a nontoxie vaccine of SJugcUa (hjsenteriac 
(Shiga) by irradiation of saline suspensions of the organisms with soft x-rays. 
In 1937, by the same method, they inactirated encephalitis virus (St. Louis 
tj’pe). Blank and Kersten (193 .t) 'bowed that a modified extract agar could 
ho so altered b 3 ' the action of soft x-ra.vs that it uoiild no longer support the 
growth of liaciUiis suhtilis. 

This preliminarj' report deals with a stud}’ of the effect of x-raj'S on the 
toxin and organisms of CloitrMixm tfclcliti Kelly (1933) and Kelly and 
Dowell (1936) reported on the use of x-raj'S in the treatment of gas gangrene. 
In a later paper, Kelly and others (1937) were able to show some helpful 
effects bj’ treating guinea pigs injected with Clostridium xvdehii, or its toxin, 
with x-rays. By irradiation of these animals some therapeutic action was 
shoini. In some of the experiments, over 50 per cent of the animals treated 
lived while the controls died in a few days with t.^-pical gas gangrene. In 
other cases, the x-ray treatment seemed to increase the time, by several hours 
or daj'S, between the inoculation and death of the animals. Irradiation also 
destroyed or decreased the gas in the tissues in a number of the animals 

APPAKATUS AND TECHNIQUE 

Two cultures of Closiridmm ivejelm (No. 88 and 88 a) isolated from fatal 
eases of gas gangrene were used in this studs' The eultures were purified 
by the usual anaerobic methods. 

The toxin was produced bj' growing the organisms in beef infusion broth, 
Pn 7.8, containing 01 per cent dextrose and sterile guinea pig tissue The 
cultures were incubated for twenty to twenty-four hours at 37“ C, centrifuged 
and filtered through a Berkefeld N filter. Six-tenths of a cubic centimeter 
of this filtrate killed 350 gra pigeons in eight to ten hours. 

Standard x-ray equipment and tubes were used. The tubes ivere operated 
at a voltage of 90 kv. and a current of 5 Ma The material was irradiated 
for eight minutes at a distance of 30 cm. from the copper target. A 1 mg. 
aluminum filter and a cone were used throughout the work. 

tj L •From the Department of Bacteriology and Preventive Sfedicine. Crelgrhton University 
School of Medicine, Omaha. 

Rccehetl for publication. April 6. 193g 
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EXPERIMENTAL 

111 tliese experiiiieiits ive were primarily interested in studying the effects 
of x-rays and bioclieiiiical substances on Clostridium welcliii and its toxin. 
The material to be irradiated was placed in long slender glass tubes (l.a by 
20 cm.) and sealed with a rubber cap. The tliicloiess and tjTie of glass used 
ill these tubes was taken into consideration in determining the radiation, ivliicli 
was equivalent to that used in treating patients with gas gangrene and similar 
infections. 

In order to simulate co.nditions found in gas gangrene infections, the 
following substances were irradiated: 6 e.c. of a toxic filtrate with sterile 
guinea pig tissue, 6 e.c. of a toxic filtrate. 6 c.c. of an eighteen-hour culture 
of Clostridium wflchii in beef infusion broth in the presence of sterile tissue, 
and a toxin leucocyte mixture consisting of 1.5 c.c. of a 0.5 per cent siuspensioii 
of liunian cells in saline and 1.5 c.c. of toxin. The materials were prepared 
in duplicate so that one tube could be treated with x-raj'S while the other 
seiwed as a control. The tubes containing the various substances were kept 
at room temperature for four hours before the first x-ray treatment. They 
were irradiated for a period of eight minutes every twenty-four hours for five 
successive days, and kept at room temperature tbrougboiit the experiment. 
Pour hours after the first, second, and fifth treatments, the toxicity of th« 
substances was te.«ted on pigeons. The viability of the organisms was also 
tested by subculture in beef heart medium. The results of tliese tests are 
summarized in Table I. 


Table 1 

.Action of X-rays ox CI. welehii and Its Toxix 



TIME OF 


TiaiE OF 


TIME OF 


JfATERIAL INJECTED 
INTO PIGEONS^ 

DEATH 

AFTEPv 
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rONTEOL 

DEATH 
AFTER i 

SECOND 
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PEATH 

AFTEF. 
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TREATMENT , 


tf.eatment 

_____ 
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0.5 

f> 

7 

6 
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7 
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9 
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9 

8 
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C.C. 

14 

9 

14 

13.5 


— 


•W^eigrht of pigeons 350 to lOO gm. 


Similar results were obtained when the above experiment was repeated using 
a more toxic filtrate given in 0.3 c.c. dosage. 

No marked decrease in toxicity or viability was observed after irradiatm" 
of toxin, toxin-leucocyte suspension, or cultures of Clostridium loclcldi. rom’| 
in the presence of sterile tissue, treated or not treated with x-rays, gradiia .' 
loses its toxicity for pigeons. This loss of toxicity suggests that tissue maj 
absorb toxin or contains some definite substances which when released fr“® 
tissue, either by means of x-rays or by disintegration, destroy toxin. lu ^ 
to learn more about this action, an attempt xvas made to .study the effect o 
toxin of various substances that are present in tissue and that mi^ht he 
leased by x-rays. 


COLTLN CIOSimWUM AND I’i'y TOMN 


247 


A 3 pel cejit solution of IiMlio^eii pcroMdc ami 2 pci cent solutions of 
cifetinc ami jrUitatlnone wqil mivtl with toMii allowed to stand at jooin 
tcnipeiatmc foi si\ lioiiis and injutod luti nnuscuhih into pi^^eoiis weij^him? 
350 to 400 gin In one expenment mixtuics ot 0 (> < i of to\m and l c i each 
of Indiogcn peioxidc, (.\stinc and r^hltalllIunc woic uijectcd Ihc pigeons 
tint leccucd tlic Indiogcn pciovidt and glutathione Ii\cd those that letcued 
the tjstine died in fol^^ houis and the unitiols died m tight horns In an 
othei expcinnont pigeons weie inptttd witli inixtuies of 08 tt ot to\m 
and 02 c c of In diogen pcioxide and 05 t t < kIi ot < \stine and glutathione 
The pigeons lettnnig the Indiogtn peioxnle li\td those leteuing the c\sfiuG 
died m timtecu houis, the glutathione ni fo!t\ houis and the controls m se\cn 
hours Thiee pigeons wtic injected with ea< h ot the toMuchcmitil mixtiues 
u'^ed III the aho\e expeiiiuents The icsults stem to uuluate that teitam 
chemical substances nun jdn «-ome put in tktovitinig oi alteniig toviii 

An nttcinpt was made to dtleiimm the snitabiiitv ot i ibbits m stndMiig 
the ehects ol \ia\s on gas gangiem Maluit innuds weighing 3 500 to 
4 OQO giu , and i oung annu ils of 800 to 000 gin w tie u^cd ^o defnntc lesions 
01 gas wcic pioduccd m 4 matute i ibbils nip tied inti unustuhih with 0 5 e e 
of A twc^t^ foui lioui cultuic ol Ch^tuflnau udcJin In a senes of b ^ouug 
rabbits (foui to fite weeks old) a siiiall pciloiating mciotic Jcsion flppe«iie£l 
111 /i\c da^s and giadualh ineieased in sue nntd the entno miistJes of the 
thigh weie iiuohed Tlie inusele tissue bet imc suit witli some OMdence of 
suppination, and was giadnalh digested nnid the temui was exposed There 
was no CMdeiicc of gas at un tune 

DISCUSSION 

Maiij IU^estlgat<ns ha\o found mjuiious oi Jtthal ejects pioduced on 
bacteua bj x lajs, while othcis h nc foiled to detect sueJi efteets The lesults 
obsei%ed ilia’s be due to ditlcicmes in the expciimcutal conditions oi to the 
naUue of the oigamsms used km issagnt {192S) suggested that baiteml 
suspensions niaj show extiemo degiees of xaiiation in lesistance to ladiation 
due to some pln&iologic peculioiiti In om txpeuments we woie not able 
to show that n lajs destio’ied citliei the toxin oi oigamsms, with an amoiuit 
of uiadiation cqunalcnt to that used in tieatmg mtections in man There 
IS the possibilitj that we weie attempting to dcstiov too gieat an amount of 
toxm III piopoitiou to tlie dosage of \ i<n& used oi that toxin is not destiojed 
bj xiajs Furthei cxpeiiments aie being conducted using smallei amounts 
of toxin 

There aie substances piesent in tissue such as citocluome, glutathione 
and cvstine (piesent thiough oxidation of glutathione), which maj be liberated 
oz stimulated to mcieased aetnih bi xnis Tiiese substances ma-v dcstio\ 
01 altei toxm, possibh tliiough an oxidation piocess The catalase pieseut 
in tissue maj be modified oi destio^ed bj uradiation, and theiebj permit 
h^ drogeii pci oxide to aeciimidatc with tlie lesult tliat the toxin is altei ed 
Oui evidence as let h oiih fiagmentan, but lna^ help to explain the non 
specific effects of xiajs in the treatment of bactciial infections 
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Desjardins (1935) believed that the destruction of infiltrating leucocytes, 
with the subsequent liberation of antibodies and other protective substances, 
plays a part in the rapid action of x-rays in curing certain acute and chronic 
infections. Although our preliminary experiments are not conclusive, we were 
able to show that leucocytes had little or no effect on toxin in the absence 
of living tissue. 

Cornell (1925) produced chronic infections in mature rabbits with Glostrid- 
mm welchii. Rabbits injected subcutaneously shoived no marked symptoms, 
local reactions, or the presence of gas. ^Ve obtained similar results in mature 
animals, but were able to produce extensive local lesions in young rabbits; 
no gas was detected. There is a possibility that young rabbits may be of 
value in studjdng acute Closiridinm welchii infections. 

SUMMARY 

1. No marked decrease in toxicity or viability was observed after irradiat- 
nig toxin or cultures of Clostridium toelchii with soft x-rays. 

2. Considerable amounts of toxin maj'^ be absorbed or altered in the pres- 
ence of sterile tissue. 

3. Certain substances, such as glutathione, hydrogen peroxide, and to a 
slight extent cystine, may play some part in detoxifying or altering toxin 
in tissue. 

4. Extensive local lesions were produced in young rabbits -with pure cul- 
tures of Clostridium welchii. 

The author acknowledges his appreciation to Dr. J. F. Kelly and Dr. D. A. Dowell, of th® 
Department of Radiology, for their assistance in x-raying the materials. 
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TIIK KOLE OF THE EPPER GASTROINTESTINAL TRACT 
IN THE ETIOLOGY OP PERNICIOUS AiNESIIA* 


A^ E\i>rnn!i N TAi Sum in Eots 


W II BiciiiAcit, BS AND S J PorusoN MB Cmcifio, Ii l 


AFTER icMeiuiig the literature oji the utili/atioii of noimal lahouiforj am 
/x iiials 111 assnjiiig aiitipciiiicioiis anemia snbst iiieeb, ne* coiiehideti that 
no aiiinial lias as jet been foiiml to e\liibit a iimfoini oi cliaiacteristic reaction 
to such substances Y'e then decided that the ideal laboiatorj assaj foi 
detorminnig lijci poteiici would be attained onij after pi eduction of e\peri 
mental pernicious anemia The objeetuc of this lopoit is to pieseiit our 
experimental lesnlts in attempting to piodiice this disease in dogs 

RATIONALE FOP EM’CRIMC-NTtL PROCEDLRE 

Castle and liis associates hate dc\ eloped the most wideh accepted thcoij 
on the etiologj of peiiueious anemia Tliej hate shoun that iii the patient 
with pernicious anemia there is a deficienej oi absence of some factor essential 
to the formation of the tliermostabilc luet substance This factor, apparently 
of enzjmic natuie, nas first heliexcd to originate onIj in the stomach Othei 
investigators hate shown it to ho also pieseiit in the duodenum These obser 
Tations have cvplained the failure to produce permeious anemia, not only 
after total gastiectomj, but also aftei evlmiistion of the blood forming pre 
cursors in these animals bj prolonged bleeding” 

Dog hj er has been show n to be cITectn e in pei nicious anemia,^” but 
IS only one fifth to one fourth as potent as hog In ei Dog stomach” and dog 
gastric juice® are apparentlj inert These findings suggest that the intrinsic 
factor is either not piesent in the dog oi is pioduced elsewhere in the intes 
tmal tract If the dog has no intiinsic gastric factor, there must be some 
other waj of sj ntliesizmg the tlieimostabile Inei substance, because we hare 
obseired dogs on Iner free diets foi over two jeais rvithout the development 
of pernicious anemia Another possibilitj is that the amonut of intrinsic 
factor in the dog’s stomach is small and of relatire unimportance as com- 
pared to the quantitj present elsewhere nr the upper intestinal tract This 
eoiielusioii was the basis for our experiments 

METHODS 

Mongrel dogs of both sexes rverc kept prcoperatir ely on liberal general 
diets for trvo oi thiee weeks Uiidei ether anesthetic the jejunum was tran- 

- *From the Departments of PhjsioIoCT and Surserj Northwestern Untversltj Medical 
School Chicago 

Received for publication April J3 1338 
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Table I 


lD:» Blood Cell, Hemoglobin, and Hematoceit Deteeminations on 31 Noraul Bods 


KED BLOOD CELLS 

MILLION 

HEJIOGLOBIN* 

PER CENT 

lIEWATOCRir 

5.70 

89 

45 

5.S5 

91 

47 

6.15 

100 

48 

6.20 

101 

45 

G.2T 

92 

45 

0.29 

102 

47 

6.17 

97 

44 

6.49 

85 

41 

6.50 

99 

47 

6.53 

104 

50 

6.70 

92 

4S 

6.71 

98 

48 

6.74 

113 

53 


101 

47 

as3 

95 

49 

0.S7 

109 

49 

6.97 

105 

46 

6.98 

loe 

50 

7.05 

99 

50 

7.03 

109 

53 

7.07 

97 

47 

7.10 

lOS 

54 

7.13 

108 

SI 

7.1S 

108 

56 

7.43 

100 

49 

7.71 

114 

56 

7.74 

99 

48 

7,91 

103 

51 

8.14 

107 

55 

8.26 

97 

48 

H..34 

117 

54 

Average G.97 

101.3 

49 


‘Hemoglobin 100 per cent — n.l gm. 


Blood Picinrcs . — At no time did any of tiiese 7 animals show a blood 
picture even suggestive of pernieions anemia. Detailed liematologie flal*! on 
each dog would serve no piii'pose. They all exhibited a postoperative sec- 
ondai'y anemia from which all but one recovered. This one persisting case of 
anemia, which is of eighteen months' duration, can hardly be attributed to 
I'edtiction in gastric acidity, because gastric function in d of the remaDi''^? 
animals has been ecpially impaired. Table II .summarizes the Mood picture of 
each dog. The blood values in all these animals apparently showed greater 
fluctuations than customary in animals subjected to other major abdoiaiu*'^ 
interference. Perhaps the instability of tlie blood regulatory mecbanisni im'!} 
be secondary to the extensive .surgical intervention. Reticulocyte counts aiul 
blood smears made at various intervals rvere essentially normal. 

Biopsies of femoral bone marrow shaft showed notliiug mieroscopifuH) 
other than perliaps a moderate activitj' which was relatively insignificant as 
compared with the hyperplasia seen in gastrectomized dogs, but not suggc®^^’’^ 
to the slightest degree of pernicious anemia. The femoral hone marron 
Dog 123, sacrificed two yeaz's postoperative, appeared gro,ssiy almost eiithc^f 
fatty. 
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Table II 

SujrjrAr\ of PosToirr^vTnE Red Biood Cells, HrvooLOBiv, \nd Hesiatocrit 
ON Dors IN nil*? &FriLS 


I>0G 

I ID BIOOD CEIIS 
MIinONS 

IIEMOCLOBIV 

OPAMS 

m M \TocriT 

yo 

710 

14 41 

51 

10(j 

G03 

12 00 

47 

115 

5 8S 

12 01 

41 

120 

C17 

14 12 

47 

123 

CHS 

13 40 

47 

127 

7 73 

14 12 

47 

143 

7 35 

15 20 

40 


Gasttouitestnial !^tn(hc<s — Fluoroscopic and loeiitpenolofric studies of the 
lesidiial stomach scfrinent shoued a frradiial increase to piactieallj jioimal 
size, despite this 3 of the 7 animals in this senes icmained almost entiielj 
achlorh 3 diic to alcohol and histamine stiimilation as deteimined b} oiu 
method of fiaetional anahsis Om lecent stiuh of 28 normal dojrs showed 
an aterage of 40 clinical units of fiec acid foi tlie peak secietion to alcohol 
and 90 clinical tmits to liistamme In o\ei 300 fiaetional gastiic analjses 
pcifoimod on noimal dogs \se ha\e nc\ei foinnl one lefncton to stimu 
Intion b} alcohol The thiee dogs, Xos 120 127 and 123, gn've no free acid 
response eithei to alcohol oi to the subciitancons injections of 1 mg histamine 
hjdrochlonde, uhich justifies oui assumption that tlie\ nie unable to seciete 
praeticallj anj acid Table III eompaies the acid secietion of the 7 dogs to 
the a^elage in 28 noimal animals Perhaps h\ Necheles and Sehemnii’s tcch 
nique,^ small amounts of ficc Indioehloiie acid might ]ia\e been demonstiated 
bj constant aspnation 

T\ble hi 

r0ST0IEP\TI\E GASTflC Aoir>IT\ VaI UFS Co\Tr\STED TO ISOP'VrM 


response to Alcohol 


TIME 1 



DOO 

1 DOG 

DOC 

1 DOC 

1 nor 

1 noo 

nouBS 1 


90 

100 

I IJG 

120 

1 12" 

1 127 

1 143 


(ITMCAT 1 MTS FIEF ACIR 


03 

"S 

0 

55 0 

0 

1 0 

1 ^ 

0 

0 

10 

40 

175 , 

300 

0 

0 

1 0 

0 

0 

15 

23 

0 1 

0 

0 

0 

' 0 ' 

0 

0 

20 1 

13 

0 1 

0 

0 

' 0 

n 1 

0 

0 


Tie^yonse to Htstamine 


Oo 

no 

35 0 

27 5 

0 

0 

20 0 

0 

0 

1 0 

87 

32 5 

42 5 

0 

0 

0 

0 

0 

1 5 

52 

0 

55 0 

0 

0 

0 

0 

0 

20 

24 

0 

0 

0 

0 

0 

0 

0 


The emptjing time of a standard meal uas piopoitionate to tlie size of 
the stomach Those dogs uith the greatest hj pertiophj of the gastiic lem- 
nant, Nos 90, 106, 115, and 120, had an emptying time -uhich approached 
normal 
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The following are protocols of two dogs reiireseutative of tlie group; 

Dog No. 90. — Operated upon Sept. 20, 1935; weight 39 pounds. Following operation 
the red blood count was 4.71, Hb. 11.3 gm. On March 3, 1930, the acid secretion fifteen 
minutes after 1 nig. histamine, was 50 clinical units free, 100 clinical units total. There was 
no response to alcohol. On April IS, the red count was 7.25, Hb. 13 gm. About one year 
postoperative. Sept. 9, 1900, twenty-four liours after ingestion of 250 gm. of dog food, no 
residue was found in the stomach; bile was present. Similar absence of residue occurred 
after this test in the remaining animals of the scries. September 25, the dog passed barium 
sulfate in the stools four hours after its introduction by stomach tube. Beginning November 
11, a solution of liver extract equivalent to 15 gm. of fresh liver was given intravenously for 
five days. Neither this dog nor the others in the series showed any reticulocyte clianges. On 
Feb. 20, 1937, fifteen months postoperative, the emptying time of the standard meal was 
four hours, ten minutes (normal five-plus hours). On April 4, the response thirty minutes 
after subcutaneous histamine was 50 clinical units free and 55 clinical units total acid. The 
Price- Jones curve yielded a mean red cell diameter of 0.63/4 (lower normal). The slide showed 
no evidence of anisocytosis, poikilooytosis, or polychromatophilia. A biopsy of the femora! 
shaft bone marrow on Dec. 1, 1937, twenty-seven months postoperative, showed scattered 
areas of very slight activity. IVoight at present 42 pounds. 

Dog No. 123. — Operated upon Dee. C, 1935; weight 25 pounds. Kecovery' was surprisingly 
rapid. The red cell count on December 11 was 4.58, Hb. 8.6 gm. Until one year later there 
was no gastric secretion to eitlier alcohol or histamine. On December 24, 1936, tlie gastric 
sample showed 20 clinical units free and no combined acid thirty minutes after suhoufaneous 
injection of 1 mg. Iiistamine. On Feb. 20, 1937, the standard meal had left the stomach in 
three hours and fifteen minutes. On April 3, the mean rod cell diameter was 6.48 ft, which 
is slightly smaller tlian the normal. There was no anisocytosis, poikilocytosis, or poly- 
ohromatophilia. On November 4, the blood count sliowed 6.98 million red cells and 13.5 g®' 
hemoglobin. On Dec. 6, 1937, two years after the operation, the dog was sacrificed, weight 
32.3 pounds. Autopsy sliowed about one-fourth to one-third of tlie stomach present. The 
choledochojejunal junction appeared anatomically reconstructed, with no dilatation of the 
biliary passages. The femoral bone marrow was grossly and microscopically fatty. 


COMMENT 


The failures of other investigators as well as ourselves to produce expen- 
meutal pernicious auemia, suggests utilization of an entirely different approach 
ill solution of the problem. Theoretically we should have succeeded if Jleulen- 
gracht’s hypothesis'* is applicable to the dog. From his experiments on hog 
tissues he has submitted the hypothesis that the iutriiisic factor of Castle 
originates in the so-called “pyloric gland organ,'’ which includes the pjdonc 
and cardiac glands of the stomach and Brunner’s glands in the small intestine- 


Operative iiroeedures which remove this area should produce peruieious anenm 
experimeiitalljL Acting upon this suggestion, Petri and co-workers® reiuoie 
the stomach and suprapapillary lyortion of the duodenum from dogs (in ivhie > 
Brmmer’s glands are said never to extend beyond the ampulla of Vateih 
with negative results. In our dogs we removed gastric tissue well bejoni 
the limits of the pyloric glands, as measured by Lim,=’ ivho also found timt 
the cardiac glands in dogs' stomachs are relatively sparse. We assunieC| 
therefore, that rve have removed practically the entire “pyloric gland organ. 

Pernicious anemia has not appeared in gastrectomized dogs who have also 
had extensive enterectomy and pancreatectomy Schemensky's*" repot t on 
the pernicious anemia properties of the hog colon would perhaps indicate t n 
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the entile jjastiomtestmal tiact js attue These obsenatioiis support the 
opuiioii that the loss of hemopoietic elements fiom tlie human subject in pei- 
meious anemia patients maj be due to a disturbance oi clefieienc> elsevvheie 
ni the bo(h Vitamin B dcficicntv studies lepoited In Millei and Rhoads,^ 
and b> Wills, appeal most significant in this connection tJnfoituuatelj, 
tliGii vvoik could not be coufiimcd In Wigodskv lUissabaitjci, and Iv\ 

SUMMARl 

Seven dogs ucie obscivcd foi a peiiod of ovei tuo jeais following ladical 
subtotal gasticctomj,, complete duodenectoinj and partial jejunectomj None 
of these animals have shown auj evidence of pernicious anemia The pjloiic 
gland oigan in the dog is not essential foi maintenance of iioimal dog blood 
pictuics 
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STUDIES IN CONVULSANT THERAPY* 


II, The Roie oe Aekaewization 


Stajcley Rochelle Deah, SLD., Newtown, Conn. 


intkoduction 

T he past few 3 'eavs have introdviced a new era in the treatment of scMzo- 
phrenia, the full import of which still remains to he realized. Unlike the 
haphazard and mnltifarions methods that have been employed since antiquity 
to “shock patients into reality,” concerted efforts are at last being made to view 
the problem of irritative or shock therapy in the sober light of scientific in- 
vestigation. 

Sakel’s treatment with insulin .shock and von Meduna’s treatment mih 
luetrazol comnilsions are the two most important methods in vogue today, and 
in both of these the reported resnlts have thus far been comparable. Metrazd 
(pentamethylentetrazol), however, by virtue of its greater safety and ease of 
administration, has created widespread interest during the relatively short time 
that has elapsed since its introduction in this country. Because of its groiv- 
ing importance, it is essential to scrutinize this drug in the utmost detail, rot 
alone from a clinical, but also from a more basic experimental point of viw. 

For several months our investigations have been directed toward various 
agents that might be sjuiergistie, antagonistic, or neutral to the convulsant 
action of metrazoh The present report deals noth the effects of diet and tlio 
allraline state. 

Friedman,^ in his earlier work in this country, stressed the importance d 
thorough alkalinization and hydration as an adjunct to convulsant therapTi 
basing that procedure upon the fact that the allcaline state is tetanic or con- 
vulsive in itself and should, therefore, assist in the maintenance of an irritahrt 
background in the central nervous system; thus, theoretically, the connilsne 
threshold would be lowered, less metrazol would he required to produce a 
paroxysm, and the number of grand mal attacks would he materially increase ■ 
He set the minimal fluid intake at two liters per day, and suggested the use o 
a high alkaline-ash diet supplemented by sufficient alkali drugs to maintain ^ 
urinary reaction constantly’ blue to litmus paper. 

These principles are. of course, the converse of those utilized in the tree 
ment of epilepsy, i.e,, with ketogcnic diets and dehydration, and, theoretica 
at least, appear to he sound. From a practical viewpoint, however, we 
tlie procedure to he undesirable for the following reasons -. 

1. High alkaline-ash diets are objectionable to patiezrts and impose an a e 
burden upon the hospital. 

•From the Fairfield State Hospital, Newtown. 

Keceived for publication, April 25, 103S. 
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2 The smuiUancous e\Uihition of two potent alteiatue agents (m this case 
alkalosis and inetiazol) makes it moic difficult to cialuatc lesults fiom a sci 
cntific point of new than if one agent alone weie used 

3 Prolonged alkalinization maj lead to alkalosis, with iai 3 nig degiees of 
toMcih 111 siisteptiblo nidnidiials Among the indicia desciibed bj Blhs," 
Koolilor,’ Gatewood and Ins eo woikcis,* and numeions otlicis, as lesnlting from 
esecssne alkali ingestion, aio beadaelie, diowsincss anoie\ia, nausea, lomiting 
nijalgias, neiioiisiiess, mental dcpicssion fatigue, faintness, iiiitabiliti, leitigo, 
delirium, and tctani 

It seemed to ns, tbeicfoic, tliat it would be of decided laliie to determine 
just bow necessari , if at all, was the lole of nlKalinization in coiiMilsant tlieiapj 

pnofEDuiir 

The deseiiption of metiarol, its mode of administiation, and clinic il effects 
liaie been the siibiect of aiiotliei pnpei Snffiee it to state lieic that the loutino 
coinso of tie ilinent is eniidiieted as follows We begin with the lapid mtiaieiioiis 
nijeetion of 3 ce of a 10 pei cent solution of the ding, and if no comiilsioii 
occuis, ineiease the succeeding doses bj incicmcnts of 1 cc eiery other daj' 
until a grand mnl scizmc icsnlts The comulsant dose baling been doteimuied 
(usuallj fiom 3 to 5 o c ), it is lepeatcd at the ne\t tieatmcnt, and then auto 
matically inciessed bj 05 ec at esen fluid injection as long as conmlsions 
ecciii 111 an iiiiluokcn soiics, tins dosigc plan inaj bo indicated mnnoncally as 
follows, beginning with the initial eoniulsant dose 4 4 4t/> 5 5 5% 6 6 OVk 
V 7 7% 8 8, etc 

If, bow 01 Cl, a petit mal leaetiou ocenis at any point, the ne\t dose should 
be niereascd bj one cubic eentiiiietci, bcaiiiig in mind the fact that the inasi 
mum dose of 15 c c must not bo exceeded Of couise, it is not likely that this 
plan can bo iniaiiablj followed without donation in eicij case, but by adhering 
to It as iigidlj as possible, it is often possible to keep a step in adiance of the 
patient’s toleiance, so to speak, and tlicrebj lediice petit mal leactions to a 
minimum Then, too, it piovides one with a cnido jaidstick for eompaimg 
larious situations, for altboiigli tlicie is considerable indnidual sanation in the 
response to inetiazol, the use of a standaid pioecdiiie in hundreds of injections 
icsnlts in a faiilj constant latio of giand mal to petit mal leactions 

111 the piesent instance om stiidj compnsed a total of 630 metiazol mjee 
tions, of svbicli the first 287 were given in conjunction with the alkalme regime, 
whereas the remaining 349 were administered to patients who leconcd an ordi 
naij house diet without alkalies For the sake of convenience we maj designate 
the fiist senes, Gioup A, the second senes, Gioup B 

The high alkaline ash diet used in Gioiip A was piepaicd fiom the follow 
mg presei iption • 

Protem 71 2 gm 

Pat 100 9 gm 

Carboliydrate 303 8 gm 

Total calories 2,403 0 

Excess acid 14 6 

_ Excess base 100 5 

•Calculated for us bj Adella Beeuwkes of the Unhersitj Hospital Ann Arbor Mich 
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The daily caloric intake, however, was not limited to the above basic require- 
ments, the patient lieing encouraged to eat as much as he desired. The diet ivas 
supplemented a palatable, effervescent citrate carbonate preparation* in 
amounts sufficient to keep the urine constantly alkaline to litmus paper. This 
alkaline regime was instituted a week before, and then continued throiighont 
the entire course of metrazol therapj", a period of two to tlu’ee montlis in duration. 

Table I provides a comparison of some of tlie measurable observations in 
the two series. 

Table I 



GROUP A 
(ALKALI) 287 
INJECTIONS 

GROUP B (NO 

alkam) 349 

INJECTIONS 

1. Ratio of grand mal to petit mal reactions 

2.8: 1.0 


2. Average initial convulsant dose of metrazol 

4 c.c. 


3. Average dose required to produce the twentieth convulsion 

0.7 c.c. 


4. Average duration of metrazol episode (injection to rest- 

02 sec. 

! 05 sec. 

ing stage) 



5. Average weight gain after sixty days of treatment 

2.CG kg. 

3.42 kg. 


COMMENT AND CONCLUSIONS 

Although the observations recorded in Table I are almost self-explanatory, 
it might be interesting to consider them in some detail. The ratio of grand mal 
to petit mal reactions, which had been 2.8 :1 throughout the first series of injec- 
tions, dropped slightly to 2.5 :1 a week after alkalinization and hydration were 
discontinued, and remained constant at that level throughout the second series. 
This drop apparently indicates a slightly diminished reactivity of Group B ic 
metrazol, but obviously not enough to be of any practical importance. 

Another observation of interest pertains to the initial convulsant dose of 
metrazol in each series. If alkalinization and hydration really’’ lower the con- 
vulsive thi’eshold, one should expect this dose to be coi-respondingly reduced m 
Group A ; y-et the averages of several initial convulsions indicate that the man- 
mal dose is exactly^ the same in either ease. 

Significant as these two clues may be, a more impoi’tant consideration, «> 
our opinion, is the average dose required to produce the twentieth convulsion, 
this number being arbitrarity chosen as representing a late period in the metrazol 
regime. It is luiomi that a patient’s tolerance to metrazol gradually increases 
with successive injections, and that the effective amount of metrazol must, there- 
fore, be correspondingly increased. Therefore, a comparison of average doses 
at the late period selected ought to demonstrate convincingly whether or not 
alkalinization and the so-called “irritative background” are effective in redne 
ing tolerance. Eeference to Table I definitely indicates that they are not" 
since the dose in each series is practically’^ the same. ^ 

Goes the alkaline state augment the duration and severity of the paroxysm- 
The average duration of the metrazol episode is sixty^-two seconds in Group > 
sixty-fi^ve seconds in Group B ; the very slight difference probably falls ’ 
the limits of error. Our clinical impression is that there is actually^ little or 


♦Cltrocarbonate (Upjohn). 
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diffcience in dmation oi intcnsiU Tine, thcic is ciidence ol incieascd nenro 
raiiscular mitabilifi iii Gioup A, for tapping ccitaiu aieas sometimes pioduces 
maikod musculai tnitclmig and jactitation, but this phenomenon seems to haie 
no effect upon t!ie nieti azol com ulsioii itself 

It IS intciestiiig to note the gicatei neiglit gain in Gionp B This is not 
haid to explain nlicn one lealizes the aiciage pitient’s aieisioii to the alkaline 
diet, and the fact that anoicxia is ifstlf sxmptomatio of pioloiiged alkalmiza 
tioii It IS necessaij to point out that this gam m Height is not limited to a 
SLxtj dll peiiod (aihitiaiih selected for comement eoiiipai isoii ) , but inaj go 
on, in faioiahlo cases, foi seiei.il necks oi moiitlis aftci the couise of mctiazol 
Ins been eomplctcd 

Thus fai no ha\c been dealing nith mcasiiiablc phenomena Erpiallj impoi 
taut to ns, though haidci to demonstiate to othcis is om clinical impiession 
All of us nho ha\c folloncd this imostigatioii lime been impicssed nith the ad 
lantages both to the patient and the hospital of the alkaline fiee legime Con 
sideling all these faetois togethei, ne must eoncludc that not onh aie alkalmiza 
tion and hjdiation unnccossaiY, Init definiteh undcsiialilo in coimilsant theiapi 

BFi rnrxcrs 

1 luctlmin,E Tlio Irri( itnc Treatment of Am J PsjLiiivt 94 '’55,1037 

Irnt'iti\o llicripy of Scluzoplireni i Iscu \or} St ito J Mei3 37 1 1037 

2 Ellis, A W M Quoted in t}«o C>cIorcdii of Mcdu-iac, Dul V 1^54, F A Daviu 

Co 1 313 

•» KocIiIbt, a E ilniJ 

4 Gatewood, W L,Gicblcr, 0 H Sluntujlcr E , And Mc,j CI^, \ C Ibid 

5 Dean, S B Studies in Cous*uleaut Thoripj I Tccbnique ind Clmm d riienomcu \, 

J Connecticut M Soc 2 325, 1938 


abnorimal uterine bleeding as a syjiptom in 

TYPPIOID FEVER* 


P. M.D., Ohio. Dohoak G. Caldm ,I» 

AaYd PerdinaVnd Fetter, M.D., Philadelphia, Pa. 

Ta™f.Hvdf slrtW Hospital pitli. 

Z:ZZ.f ZZ^fLlr' r ‘"-p »f •'"« 

thoite to z md V rv "" “pp pp‘“'“ “ 

established the true dia-nol^s"* several days until laboratory studies 

quopc, of ablZZC loodto^Z T •” 

. tileedmg m association with typhoid fever. 

tliat nienstrLtiin nrinlr. literature. McCrae^ observes 

the onset it is not ^ disease, althougli at 

Prccell p r d > 7"'" "^l^i-val since the 

^38 'rf in only 11 of 

sional excessiril , !•■’ P^’of««e amounts. Oeca- 

typhoid fever, fortunately T very I^re t!" T 

that “menstrmtinn ^ disease. Edwards^ states 

^^‘‘^oZT:r:z:\ 7 zzz:='zz:: “t ■"'* ‘'”‘ «■'! 

(MeCrae,^ Edwards, and HifreU that ^ generally agreed 

dltent ,vhe„ p«g„„,,, i, by tX^tovr"”'" '“' 

With many infeetilrdL^ir of b^rtr''^ n|enstrual disorders are associated 
in view of the naneitv nf ++ +• ^ acute and chronic types. However, 

Polios, oi: z ■z..rsrsrrz:^ ~ 

1, 1937, to the gynecologic years. The patient was admitted Septemhei 

eralized aches and pains, together with Loc^^T headaciio, malaise, gen- 

hack eighteen days Constrr,.r I°«»l>^ed epigastric and lower abdominal pains, dating 

replaced by diarrima. Utenne m/l" "’'’T' 

for her admission to the otati i ^ recently irregular menstrual cycle accounted 

12 year,, llZw ZL"''"’""”'- 1.4 tag., ll tb. .g. •> 

“ “<l™le 4ow ,„4 oieasioiil cram™™*’ ,','f • '? ‘1”*^ “P'' '’*” ”"' 

July 15, her expected nprinrl v.arv ^ ^ "weeks prior to admission, 

three. After two da 3 's with nn but lasted six days instead of the usual 

On August 15, another period t le bleeding recurred and lasted another ^veeli. 

^ A period began and lusted only two days. On August 28, four da.w 

PhilacleTphm. S<rrvice of Dr. Truman G. Schnabel. Philadelphia General Hospital. 
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before admi'ssion, motrorrlmRia ngun appeared, I'iFoei'itcd with the pis'i'iffo of numerous 
cloti, ‘?omc fairh Inrgo m ‘;i 7P A small flow continued until her arrival at the 

hospital Svstenne renew, prtnous medical liistorj, family Iii-stor^, and social history, 
added nothing' of signifii anco, saio for one iiornml pregnantj soNcnl jears ago 

On plnsical PMuimation the joung nomin did not npi car acutely ill m spite of a 
tcmierature of 304" V The puNo was 124 Xo rose spots were visible Tlio tongue was 
heavily coated and the phar\n\ micctcd Evammntion of the cardiovascular and respiratory 
p} stems revealed no abnormalities Pelvic c\aminatioa showed slight uterine bleeding, a 
cianotic cenia and anginal aault, and an eaternal os which admitted one finger The 
adnovae wore normal The uterus was rctrofloxed, movable, but not increased in size nor 
softened m coiisistoncy No other pertinent plijsical findings were noted Uterine bleeding 
stopped aaitlim a few hours after admission, onU to recur four days later and last two 
days, with the passage of numerous clots 

The true diagnosis avas reached onlj after n wed during which time she had been 
treated aaith blood transfusions and other appropriate measures for a possible septic abor 
tion On the seaonth day after admission' — the taventv fifth day of her disease — she de 
veloped rose spots, and the blood culture aaa« reported positiae for B typhosus, 12 colonies 
per u cc of blood The Widal reaction sboaacd an agglutination m a dilution of 1 C40 
for the JI antigen, and 1 320 for the 0 antigen It was negative for paratyphosus A and 
B and Brucella ahortu^ The Icucocatc count was consistent with typhoid fever^ 7,200 per 
e mm on one occasion, and S,700 per c mm on another, with a differential in the former 
case of 82 per cent noutropUilcs, 12 per cent hmpliocytes 4 per cent monocytes, and 2 per 
cent basophilcs, and a Schilling inde\ of 40 and a multiple indo\ of 040 

She was transferred to the medical sera ice of Dr Truman G Schnabel on September 
8, and her subsequent course was unoientful Her temperature became normal by Sep 
tember 10 and remained so except for a brief elevation five da>s later when it reached 
100* F During her hospitalization there was nothing further to indicate the possibility 
of an abortion, and it was obiious that this initial dingnosis was erroneous She was 
discliargoJ from the hospital on October 5 1937 Just before ber discharge, October 3, 
another menstrual period started This lasted until October 17 and was associated with 
severe cramps, but no clots The bleeding each daj was more profuse than normal Again 
on November 10, a menstrual period began and lasted sexen days, with moderate cramps 
Otherwise she felt well since leaving the hospital 

Casf 2 — A C, negro female, IS jears of age The patient was admitted August 
23, 1937, to the medical «iervico of Dr Truman G Scimabcl, with symptoms of only three 
days^ duration, iiaineb, headache, nau'ca, repeated vomiting, anorevia and lower abdominal 
pain A nonproductive cough was present In the ‘svstemic review no further points were 
of interest saxe her menstrual histoiy Her menses began when she was 14 years old 
Thej x\erc always regular, everj thirtj dajs, lasting two to four dajs Her last period 
began July 25, lasted three days and was normal m all respects She had had one full 
term pregnancy, ending m delivery in Februarj, 1936 

Fh 3 8ical examination on admission «howcd an acutely ill colored girl, with a tempera 
turc of 104" F and a pulse of 100 The breath was foul, the tongue was coated, and 
the tonsils and pharynx injected Examination of the chest revealed ''omc impairment to 
percussion m the left lower lobe, with slight suppression of breath sounds Tlie cardio 
vascular system was normal Abdominal palpation elicited generalized tenderness, and there 
"ere moderate di'^tention and increased, high pitched peristalsis PeUic examination sliowed 
a small amount of uterine bleeding, of which the patient was unaware, and a cervix xvUicIi 
was lacerated from her previous pregnancj The uterus was small and slightly antexeited 
Pam was elicited on manipulation of the cervix 

The clinical diagnosis of tjphoid fever was confirmed by the liboratory three days 
after admission, with the leport of a positive urine cultme for B typhosus, and further 
substantiated two days later by a positive blood culture for the same organism, 2 colonies 
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per 3 c.c. of blood. Tlio Widal reaction, however, was never positive in a Idglier dilution 
than 1:160 in the O antigen, and was negative in the H antigen during her entire star 
in the hosjntal. 

Three days after admission, the .sixth day of her disease, she began passing nuiiierms 
clots of blood from the vagina. This was thirtj'-two days after her last period. On August 
2S, more than S ounces of clotted blood were evacuated at one time. The clots were inter- 
spersed with a foul-.smelling, reddish-brown vaginal discharge. All bleeding had Btopjiel 
by September 2, ton days after admission. There was no subsequent bleeding while o» 
the wards. Her clinical course in the hospital was stormy, complicated by an acute sup- 
purative parotitis, which required surgical intervention. She recovered satisfactorily and 
was discharged in good condition on October 29, 1937. 

A follow-np examination on December 7, 1937, found the patient in good physical 
condition. She had gained over 15 pounds in weight and was sjTnptom free. She stated, however, 
tliat she Iiad had no uterine bleeding since September 2, save for slight spotting for one 
hour on November 2S. Pelvic examination failed to reveal any evidences of pregnauej 
or gross abnormalities. 

Case 3. — AI. F,, white female, aged 35 years. This patient’s illness was ushered in 
by severe frontal headache and uterine bleeding seven days before admission to the g,™ 
cologic wards of the hospital on October II, 19.37. She had been well until that 1®^! 
but on awakening on the morning of October 4, she had sncli a severe headache that she 
fainted on the way to the bathroom. Profuse uterine bleeding made its appearance almost 
immediately and continued for two days. There was no bleeding thereafter, even during 
lier entire hospital course. Diarrhea, anorexia, and occasional vomiting were also «!>«• 
rienced during the week prior to admission. Her menses Irad begun at the age of 11 y^rs, 
were always regular every thirty days, lasting four to five days. After missing three periods, 
she had a self-induced abortion in Alay, 1937, and had a totally irregular menstrual cyt'** 
after that episode, characterized by occasional spotting, occurring every two to three dayh 
filling one pad, but with no normal flow. The patient had four living children and two 
abortions, the last as mentioned above. No other points in the history were significant. 

On admission the patient appeared acutely ill, with a temperature of 104.6° T- and 
a pulse of 88. She had an intense headache, was sullen but cooperative. The tongue was 
heavily coated, the breath fetid, and the pharynx injected. The abdomen was slightly dis- 
tended, and peristalsis was hyperactive. Rose spots were scattered over the abdomen. 
Pelvic examination was negative. There was no uterine bleeding at that time. The re- 
mainder of the physical examination likewise revealed no pertinent findings. 

The blood count on admission showed: E.B.C. 4,780,000 per c. mm., Hh. 71 per cent, 
■W.B.C. 6,700 per c. mm., neutrophiles G4 per cent, lymphocjdes 2S per cent, monoejtes 
S per cent, with a Schilling index of 4.3 and a multiple index of 68. Subsequent b!n“ 
counts showed the same general picture, but with an increasing left shift. A blood culture 
on October 12 was positive for B. typhosus, 4 colonies per 3 c.c. of blood, and the 
reaction was positive in a dilution of 1:320 for the O antigen and 1:160 for the H anfig®’ 
In spite of treatment, which consisted of blood transfusions, parenteral fluids, and other 
appropriate measures, her subsequent course was a dorvnhill one, complicated by broncho 
pneumonia and pyelonephritis, and ended with her death on November 2, 1937. 

Post-mortem examination revealed myocardial degeneration, bronoiiopneumonia in 
riglit lower lobe with passive congestion and edema, and a spleen whiclr was the soot o 
diffuse hyperplasia. There was hyperplasia of the mesenteric lymph nodes. NunieroU’ 
typlioid ulcers were found in the ileum, cecum, and colon. The liver sliowed f.atty infiltration 
and parenchymatous degeneration. The latter change was also present in the pancrW-- 
There was lipoid depletion of tlie adrenals, as well as medullary degeneration. The hidaojs 
showed bilateral pyelonephritis. There was also an ureteritis and hemorrhagie cys 
Tlie uterus was small, firm, and in normal position. The endometrium was sligld^y t 
ened and bloody. No eridence of placental tissue was found on either gross or m'oro 
scopic examination. 



WOIFOIW CT AI VBNOI MAI, LTUtlNT BI FEDING 2GJ 

tO^!Ml\l XNDMMMMI-V 

Consilium!; tin i.icl 11i.it ouli ot tliisi time initiints slioncd lucguUii 
tics of Hio rauisluml cido dm mg hu illness, it scuiis appiopn.ito to stiess this 
siraptom .IS one nlmh nine he ioimd at the meepfioii oi during the coiiiso of 
tjphoid feiei The iiiegiil.mitA n.is eiiftcieiil m each ease In one it took, the 
foim of pioloiigcd extcssiic inetioiilnaM iiitii tin passage ol mimcions clots 
during the fust and second weeks ol liei disease In the second patient the 
simptoiiis weic those ot niuioiiliagi.i, togethei with a cimnge m the eharacter 
of the menstiiial flow, which heeaiiie foul siiieilmg i eddish hi own, and oeea 
sioiiallj inteispeised with clots In the list ease the muistiiial eielc had been 
disiupted hj an ahoition lue months pieiioiish hut hci tiphoid fever was 
ushered in hv nniisnallv ]n ofiisc ntei me hleceling 

Wo hclicve that the esccssne ntirine hleeding in these patients w,is simplv 
part ot the disease, and that it does not lepusuit tin istienitlv laie hcinor 
ilmgic tjpe of fvphoid Icici nieiilioind hv Oshi and Alet lae ’ Infoitiinatel} , 
no hleedmg oi clotting times oi platelet eoinils viiie done on these patients 
The ahsence of otlici liomoiihagit phenomena and the snhsidence of the bleed 
mg, howcvei, indicate that a blood dvseiasia w.is not piesciit The importance 
of the stniptom lies in the possiliilitv of its ooiifiisnig the diagnosis, as shown 
stiikuigl} ill the fust case ented This ciioi might he avoided m similar in 
stances if the possihilitv of monoirliagia and niitioiihagia in tvphoid fcvci is 
kept m mind It is om opinion that ahnoinnl iiteiiiie bleeding in tjphoid 
fever is encountcicd nioie fieqiienth than the hint mention m the litciatuio 
would mdicnto 
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DISSECTING ANEURYSaiS OP AORTA’' 


Herbert J. Schattexberg, JI.D., and Joseph Ziskind, M.D., New Orleans, La. 


A DISSECTING aneurysm usuallj^ begins as a tear tlirougb the inner layers 
of a vessel wall, dissects between its layers, and forms a longitudinal 
and circular cavity. It is, however, believed by some writers, namely, Tyson,' 
Babes and lilironeseu,- Whitman and Stein,® and Krukenberg,^ that a tear 
in the intima is not a necessary part in the formation of dissecting aneurysms. 
They hold that it begins with a rupture of the vasa vasorum into a weakened 
media with the formation of a hematoma that splits the fibers of the media. 
These obserrmrs, therefore, believe that -when a tear in the intima occurs, it is 
most likely secondary^ to the formation of the dissecting aneurysm. 


In almost all eases the vessel involved is the aorta, but dissecting aneu- 
lysms can form in smaller arteries. This aneurysm may perforate to the 
exterior by tearing through its outer Avail, or it may less frequently rupture 
back into the lumen of the vessel. In the latter case recovery may take place 
because of the formation of a canal lined by endothelium, through which the 
blood will circulate. This latter result does not invariablj’^ prevent rupture 
to the exterior. It is, however, very important in the healing process of 
dissecting aneurysms. It is aided by the fact that the canal passes through 
tissues that are well supplied with blood vessels, especially on the outer aspect 
from Avhieh organization can take place. Very rarely^ the blood within the 
aneury'sm will organize, and the channel wdll be completely' obliterated. 


Dissecting aneurysm is a relatively' rare condition. Walker and Walker^ 
found an incidence of one rapture in 2,500 necropsies, and Ames and Town- 
send® found this condition once in 500 autopsies. Weiss’’ has found a ratm 
of 1:320 in adults. 


This disease is usually found in individuals above the age of 40, awd the 
relative incidence increases Avith age. HoweA'er, instances of rupture nwl 
occur at any' age. Klotz and Simpson® collected 42 cases of spontaneous 
rupture of the aorta in indiA'iduals under 40. Of these, 2 eases occurred be- 
tween the ages of 1 and 10, 7 Avere found between 11 and 20, 20 betAveen 21 
and 30, and 13 betAveen 31 and 40. It is also quite interesting to note that 
it occurs tAviee as often in males as in females. 


The iutimal tear may be longitudinal, oblique, or angular, and in s®'"® 
cases has been found to be nndtiple. It is often transverse and irregular, an 
mea.sures from 1.5 cm. to 2 cm. in length. This tear in many cases lies aboi 
1.5 cm. aboA’e the aortic vahm ring. In about 70 per cent of cases the mtnu' 

•From the Departments oC Pathology, Tulane University School of Medicine and 
Charity Hospital of Louisiana. 
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tear IS 111 the nscontlmg aoi ta The remanung 30 pei cent it found in the 
traiisierse and descending aoita, nitli iiioic eases in the tiansicise portion 
The disseetuig jilaiic is almost alwaxs betuecn the middle and oiitei thuds 
of the media and nnohes appi OMinateli one halt to tiio thuds of the entiie 
eircnmfoience The length of the sat xaiics horn a f<« tentimetets to almost 
the entne length of the aorta 

111 most cases death is due to semiidaii luptiiie ot the aoita AppioM 
iiiately 70 per cent of cases luptnie into tht pemaulin! sat and the lemaindei 
niptnre into the left plcmnl caMtx the iiicdiastmin the light pleiiial taiitj 
the abdominal caiiti, or the letioperitoneal tissue in that npproMmate oidei 
of fretpienej 

Since the fiist description of a dissecting anennsm In Xuliolis" in 1762 
the pathogenesis of this condition has been m dispute Yarioiis tlieoiies Inxe 
ausen ninth max he tlassified nndei foni headings mmelx mecliannal in 
flaminafoiy, degeneiatixe, and congenital 

Mechanical — Some authois siuli ns Ilostiom Bnsse *' Oppenlicim *- and 
Samson,’^ heliexc that a definite external tianm.i cm he fictjueiitlj elicited 
ill liistorj 

Bostiom'" mimit.uiis that a incxhaim.il tiaiima is the oiilx fnttoi in tlio 
toiiiKitioii of both the piiiimix and sitondaix iiiptiiies linidfleisLld^ tlaiius 
that ceitain bands pass diiettlx fiom the mam pnlmonaix aifeix to the aoita 
aiidbj holding these togethei about 1 cm fiom the migiii of the xissels aided 
bj the ligamciitinn aiteiiosum one can deteimmc the usual sites of the pii 
taarx tears 

It has been generally agreed upon bx manx obserxeis that foiees xxliieb 
cause a sudden cnrdioxnsoular strain and iiieiease in blood piessnre nill not 
injure the noimal aorta Jfanx beliexe hoxxexer that such foices may cause 
the foimation of a dissecting ancuixsin in i>eisoiis iiaxiiig coiigemtnl cardio 
xascular anomalies’'’ Oppenhemi” ohseixcd that riiptuie ot the aoita xxill 
not oceni until a pressiue of appioxiuntelx 3 000 mm of meienij is readied 
Tins is about txventy times that of the iioimal piessure 

Samson” states that traumatic aneurisms aie piacticallx all dissecting 
He believes that tins type is on the increase because of the more fieqncnt 
inimbei of industrial and automobile accidents and that tbex are formed at 
tile time of the accident or immediately toUoxxmg it The iiitnnal tear is 
located at oi near the attachment of the obliterated ductus hotalh, oi yust 
aboxe the aoitie xalves on the posterior pait of the xvall of the aoita Sam 
son” aigiies farther that traumatic dissecting aneurysms may occur in a 
healthy aoita, pioxuling the caxisatixe foice is sexeie enough and that under 
certain conditions the liealthv aoita may be torn completelx across 

YTeiss’ claims that the mayority of tiaunxatic ixxptxxres of the aoita are 
not the dissecting txpe, but that the sudden and sexere exteinal foicc excited 
on the noncompiessible column of blood xxiil cause a complete tear of the 
vessel 
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is in agveement Avitli tliis latter view, tliat an external loi'cc 
causes complete rupture of the aorta. He does not agree that mechanical 
injuries, whether external or internal, are veiy important factors. He does 
believe, however, that a sudcleu increase of blood pi’essiire, usually caused b.v 
a physical or mental strain, is important onlj" when there is disease of the 
vessel wall. Far more important to this obseri'er^® than the increase of the 
systolic pressure is the abrupt diastolic recoil. In most of Sheimau's cases 
hj'pertension associated with an hypertrophied left ventricle was present, hut 
in about one-fifth of the reported cases no hypertension ivas noted. 

hiflamimiory. — Eoldtansky^® appears to be the first to liare considered 
the iiiflammatoiy theory. He stated tliat in one form of dissecting aneurysm 
the adrmntitia is easily separated from the media as a thick, vascular layer 
in a state of chronic infiammation. However, later antliors who think that 
infiammation is a causal factor iii dissecting aueuiysms believe that it i,s the 
media that is involved. To Koster-® is usually given the credit for the inflam- 
matory theory. Ili.s view is that a mesarteritis extends from the <aclvent3ba 
along the vasa vasoriim and that tin's causes fibrosis and destruction of the 
museulai’is and elastica. This iveakens the media and allows for rupture when 
the blood pressure is raised. 

Babes and Mironeseu- have described degenerative changes with infiltrat- 
ing cells and with neiv I’cssels wliicdi, liy rupture, ■will form small hemorrhages 
in the media. These, tlierefore. do not arise from the hunen of the artery. 
To this process they have given the name of “dissecting aortitis.” The find- 
ings have been corroborated by- Krnkenberg,'^ Tyson, ^ Whitman and Steui, 
and others,'^--® These observers, therefore, concluded that a dissecting aneu- 
rysm may form in the absence of a tear of the intima. 


Certain specific diseases, such as syphilis and rheumatic fever, have occa- 
sionally been considered as being important in the causation of dissecting 
aneuiysm. Syphilis, however, does not appear to be a factor in their pro- 
duction. Klotz and Simpson® state that the very nature of the s.i’phibb® 
process with its gumma and fibrosis does not allow for dissection. Hi foot 
they believe that the grannlomatoiis inflammatory invasion of the arterial 
will tend to hold the neighboring laminae more closely together, so that tb® 
wall may be less readily split into its anatomic layers than normally. • 

Sheunan^' claims that there is some resemblance of the medial and ad- 
ventitia] reactive changes to those described hi rhenmatie aortitis, It, the!'<^' 
fore, seems possible to him that in this disoa.se, degenerative atrophic and acute 
necrotic changes may be produced in the media which are similar to those 
caused by- other toxins. 


JDrffenerafhw. — ^Accoi-ding to Vircdiow and a number of other patholo- 
gists,"^’ dissecting anenry-sm was thought to be formed by the dis.seetion o 
blood through the base of an atheromatous ulcer or its border into the lajeis 
between the media and intima or between the media and adventitia. Tins i"? 


probabl.v true for a small number of eases, but it is in the ascending aoilo- 
where the aorta is relatively- immune to arteriosclerosis, that most primoF 


ruptures are found. 
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Peacock"® l)eIlc^ccI that dcgeneiatue changes in the aoitic nail neie mi 
poitaiit especialh nhen thej nu oh cd the media The importance of micro 
seopie niteiruptions ot “faults'* m the media Mas cmpiiasized by Shennan 
and Pinc^® These neie associated mth atiojihic changes paitial oi com 
plete disappcaiaucc of muscle fibeis ni laige nieas of the media and degonera 
ti\c changes lu the comicctnc tissue and elastica These findings neie also 
noted bj Sroiiani 

Gsell"® found that the media had undeigone noninfiainmatoi^ necioses 
mills cases He thought that these lesions utn similai to those desciibed 
by ‘Wiesel"'^ nho had obseiicd pctuliai focal ntcioses iii the vessel nails of 
jouiig ludiMdnals dmiig from acute infections 

Eulheim,®® in his stiuh of dissecting aneiuisms found lesions m the 
aorta nlnch ncic siimlai to those desciibcd b\ Gsell He obsel^e(l small aieas 
of neeiosis and peculni hialimred lacnoles m the media beiond the legion 
of the inptiuo The elastic, museukii and connoetne tissue elements neie 
iiuohed No inflammatoiv ie<ation and no lepantne pioiess neie noted 
These necioses neie most numeious in the outei tn o thuds of the media This 
entire dosliuctiie pioccss in the media euised neciosis ot the cellular ele 
nients, and this dismtegiatod matcual nas absoibcd uithout locil tissue reae 
tioii These areas neic then filled mth an albuminous finid mIucIi then foimed 
the pictme of peeuliai cistic spaces bctiuen elastic fibeis Dus author felt 
that the piocess of necrosis and that ot mmoid digenci ition neie difteiont 
This peculiar medial degeneiation uas also found moie fierpiontlj ui oldei 
rndniduals, aside fiom tliose cases haMiig dissecting nneiujsms It nas eitlici 
diffuse or patchj As to the etiology of these changes, Eidheim is unable to 
say, but he belieied tbit the action of to'tnis is highU impoitant IClotz and 
Simpson® and Jiloiit/^^ in latei studies baie found changes in the aorta similar 
to those desciibed b> Eidhemi 

Congemial — Jvlan) cases of dissecting aneinjsm in joung persons have 
some eoiigemtal changes in the aoita^'* The most important are coaicta* 
tion and ddatation of the aoita, Mith thunung of the Mall Otliei congenital 
factors are a thynueolj znphatze constitution irith aoitic and caidiac Iiypo 
plasia and aortic stenosis 

The tno cases heie leportcd show changes m the media of the aoita 
snmlai to those described b;) Hrdheim 

Cesn I — A D, a coloicd male, aged 23 year® was admitted to the hospital on April 
23, 1933, With complaints of cougU, pam in the rie,ht side, difficulty an breathing, and swelling 
of the legg The patient stated that he had had gonorrhea, and ^^piraples*' on the meatus 
of the urethra of three weehs' duration about a jear and a half previously He denied 
having a chancre He had pneumonia in January, 1933, and was confined to bed for nineteen 
day«, after which the least eaertion produeeil dyspnea The following month he was forced 
to go to bed again because of dj«pnca, cough, and edema of the lower extrcnnPe'i, and ‘‘cvcrc 
pain in. the right side of the abdomen &ab equent to the attach of pneumonia and the 
''oquphe, the patient ncier regained his former health, spending most of his time in bed 

Physical examination revealed a fairly well developed and nourished colored male, with 
edenn of the entire body, who appeared critically ill A^citcs aho appeared to be present 
The chest was of the asthenic type and breathing was labored The lungs «howcd impairment 
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of resonance at right base posteriorly. In both bases posteriorly, crepitant and subcrepitant 
rales were heard. The heart was markedly enlarged. The right border was one inch to the 
right of the sternal margin in fourth right interspace and the left margin extended out to 
the left axillarj’ line. Tliere was an intense thrill during diastole which was felt over the 
entire precordium. A loud high pitched diastolic murmur was heard over the entire precordial 
area. The pulmonic second sound was extremely loud and had a metallic quality. The blood 
pressure was 140/40. The IVassermann reaction was negative. The urinalysis >showed a 
moderate amount of albumin and a few hyaline and granular casts. The patient died shortly 
after admission. 

Autopsy : The body was that of a well-developed well-nourished negro male. Tlie shin 
was smooth and tense, due to the edematous condition of entire body. The pupils measured 
4 mm. and were equal. No penile scars were noted. The pleural cavities contained approxi- 
mately one liter of blood-tinged fluid. The left lung was adherent to the diaphragm bcloiv. 



Fig. 1. — Photograph showing dissecting aortic aneurj-sm presenting the 

A, Area selected for histologic section, upper portion of which contains all 2)- 

aortic wall and lower portion which contains only adventitia and part of media -/essel 

B, Dotted line represents course of tear -which involved almost entire circumference 

C, Probe indicating minute iiitimal depression and tear which permitted Wood to exo p, 
from aorta into aortic -wall, with subsequent splitting of media into two separate pori 
Aneurysmal dilatation, wall of -which consists of adventitia, outer portion of 

formed connective tissue replacing intlma and greater part of media. E, Strips con 
intima and inner portion of media forming tx-pical “X.” These structures connect _„, 3 n 5 
normal portion of aorta with the lower retracted portion “H." F. Probe Wsertea » 
mm. tear in adventitia and outer part of media. It is at this point that hemmorrhage ^.p^tpcle 
into the pericardial cavity. G, Tubing inserted to show normal passage from „^ci (.pnica) 
through aortic valve and conical structure "H" into aneurysmal dilatation D. portion of 
projection. 2 cm. in height and 1.5 cm. in diameter, consisting of Intima and ‘d"”, pprta aol 
media attached to aortic ring below, only remaining part of proximal portion oi 
dilated. J, Lett ventricular cavity. 


The right lung showed numerous adhesions to the ribs anteriorly. On section hot “j 
were markedly congested. The liver weighed 1,860 gm. The cut surface had a 
“nutmeg” appearance. The spleen weighed 250 gm. and revealed marked congestion- 
intestines, stomach, pancreas, adrenals, and kidneys showed considerable congestion- 




SCUATTKN-BCRQ ZISKIND DIS^^ECTING ANCURlfaMS OF AORTA 269 

fltc pericirdml sac was greath distended and filled a good portion of the left chest 
cuitj On opening tlio Pae, 0?0 cc of dotted hlood was found 

Tlic Iioart Itad i m irhod incroisL in fit iniount of •.uhi j u irjiil fit and utighed 250 
^in Ihc pulnionic \ iht nu istired {» mi, tlio imtril \ ilvt 10 tin ind the tricuspid ^a^o 12 
cm Tic lortit % ilvt u is not opened iii oidti tint tin ul ilion-'Iiip of the pciieardial licmor 
rhage to this area might bo s^iditd Ihc itft xontrteuhr nail mc'tsured lo cm, and the 
right measured 0 5 cni 

torta Fxtcriullj for a distance of 5 cm the provimal portion of the ascending aorta 
appeared dilated Upon opening this dilated structure it was found that the \essel 
^alJ jn this area had been hrohen 1>\ a dissecting aneurism AppnreatJi the primary 
break had its beginning jis indicated bj C sliown in Tig 1 This opening led into the media, 
but did not penetrate through tlio aortic nail It nas through this small aperture that blood 
from the aorta proper infiltrated between the medial lajers dis'^ecting toward the adientitia 
and left the greater part of the clastic sructurc to the luminal side of the \p8sel Blood 
endentlj, traier ed the wall, and tlio entire conical protrusion at S was torn loose with the 
exception of the two strips in An '^Ime arrangement which continued intact An almost 
complete circular tear, tliorefore, in\oUing the intima and a portion of the media occurred 
it this pnmarj injurj This break apparent!) weakened the vessel at ting point, with a 
resultant bulging or aneu^^s^n^ formation of the remaining unbroken portion of media and 



Fiff 2-— Section of area I shown In Fiff 1 flow power) J Fomt at which primary tear 
and dissection took place The Inner mclia nn 1 Intlina were torn loose at this place to form the 
conellke protrusion H described In FIp 1 A Shows normal intact intima L Showing appear 
ance of media a short distance distal to tear Adventitia « Ad'entitia N Shows 

marked proliferation of newly formed edematous connective tissue upon remaining- portion 

or media This newly formed connectivs tissue constituted the inner llnlne of the dissecting 
aneurysm O, outer portion of media formins a dark line extending through section and con 
tmuous with outer portion of L 

adventitia This bulging did not include the aortic ring wJuch remained intact within certain 
portions of the inner aortic coats (intima and part of media) From the aortic ring these 
coats protruded upward into the dilated aorta for a distance of 2 cm m a conical form Prom 
the ends of this conehke protrusion, the two stripped portions of the aortic wall connected 
m an X form with the unbroken aorta above, as shown bj E (Fig 1) A careful examma 
tion for a possible rupture of the remaining outer portion of vessel wall was made and a 
short linear tear, 0 5 cm m length, was found as indicated by F It was at this point that 
hemorrhage took place info the pericardial cavity, causing the sudden death of the patient 

A further examination of the aorta extending from the distal portion of the aneurysmal 
formation down to and including the bifurcation of iliacs, showed only an occasicfnal yellowish 
elevated area These lesions were located e‘!peciall) m the thoracic aorta near the openings of 
the intercostal arteries 

Case 2 — This specimen of a dissecting aneurysm waa received bj us through the couTte'^y 
of Dr J E Bobmson of Temple Texas A F, a white male, 50 years of age, was admitted 
to the hospital with a history of a tearing pain in the chest This occurred immediate!) fol 
lowing a meal, and he gradually went into «!hock He was treated with morphine for liis 
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pain but clictl s-uddenly, twelve liours after his admission. His blood AVasscnnann was negative, 
and his past history revealed that he suft‘ei-ed from ‘'rhcuinatism” and "stomach trouble'' 
for a number of years. 

Attiopsy: The body was that of a well-developed and wcll-nouri.shcd white male, weigls 
ing 210 pounds and measuring (il inches in length. The heart was .surrounded by a large 



Fig. 3. — ^An area of medial degeneration with some evidence of healing by fibroblasts and O'si 

formation. 


Fig. 


I. — Higli power view showing cystic area and spaces between elastic fibers 
miicinlike substance. Considerable destruction of elastic lamellae is al.'io pre.'sci 



amount of freshlv- clotted blood. The heart was enlarged and weighed -100 gm. A mo 
amount of fat was pre.'cnt in the subepieardiura. The valves were essentially normal. 
left ventricular wall measured 2.2 cm. in widtli. The myocardium was firm, reddish ^ ^ 
in color, and sliowed no areas of fibrosis. The coronary arteries were patent and sno 
occasional yellow atheromatous plaque. 





bClIATTi:N'Ui:im-ZISKIKJ>: niSSCCTIKO ANCUn'iSMb or AORTA 


271 


Aorta: A trfius^or«c tear, 3 cm. lon^r, noted tlaough the Jntinm and wodia about 
2 an. nhoM' tho nortie Mihc<i. Tho rdtfcs of fjie tear wore sUarii and a dt«-cctinf ancurjgtn 
began liorc and nndernuned way for nbout 7 cm abo^e tlio te.ir and downward into the 
pericardial cavity IhrouKh a bn’oration, 0.7 cm. m Iciigtli. 

Microscopic rnKhur/',: TJie bictopatliologic tinditiR< uere ‘■iniil.ir in both cases and mil 
be described fogef/ier. Jn rVi‘-e J, fbc icsions iu»rc iiioif pronounced in tbo ascending aorta 
ulnJo in Case 2, they ^\ero veeu thtawgliout the \essel 

The intiina in Case ] in the region of the tear wif< norniaJ The ancurj-smal wall shoacd 
newly formed connecti\c (Fig. 2), which replaced the original intima and inner media. 

The intima in Ca«e 2 ne.ar the tear phoned a plight increase in the subcndothehal connective 
tissue but otiiornisc the changes were minimal. 

Tho most characteristic lesion consisted of patcln or diffuse necroses in the media. 
Thege wore found distributed in a general manner, but wore most conimonh seen in the region 
of the junction of the nuddlo and outer thirdi of tho media. Xo evudafiie reaction was seen 
in the neighborhood of the-c necrotic areas, but sonic defect*^ were seen undergoing repair by 
a slight fibroblastic proliferation (Fig 3). 

The muscle fibers and elastic l.iuunae wore invohed in tliiv process, but the destruction of 
the former structures was more nmrhed. The niu<cle fibers ‘•honed altered nuclei^, fragments 
of nuclei, or Jiad undergone complete dissolution. Cleft*, or cjsts filled with a mucmlike 
material ucre, therefore, seen bot«oen elasfie fibers tFig 4) Generally this mucmliho sub 
Btaneo could occasionally be pccn between the niu'‘ 0 le and clastic fibers without cystic forma 
non. With the incroaso of this mueinJihe material there was a decrease in tho number of 
intcrlnmellar muscle and conneotiie tissue ccll« At times the elastic fibers were damaged, ns 
evidenced by fragmentation, irregular thickenings, and loss of normal stnmmg reaction 
Occasionally these were completely destroyed. Ko unusual fatty changes could bo seen in the 
media. 

Very little compensatory ad'.cntitial thickening was noted in either case. The vasa 
lasorum in Case 2 showed occasional moderate intimal pTohferation, without perivascular 
infiltration. 

DISCUS&ION 

lu both cases there were lesions m the media of aorta, especially in the 
region of the rupture, wliielt were thought to be responsible for the tear in 
the weakened wall. 

Tiie microscopic changes in the media noted in these cases are similar to 
those described by Gscll and Erdlienn This consists of a peculiar degenera- 
tion of tile media not associated witli a .significant iiitimal or inflammatory 
reaction. With the degeneration of imiscie, eonnecthe tissue, and occasional 
elastic fibers, cystic areas were formcrl filled with a muciuhke substance. The 
medial necrosis was most marked in the region of rupture, but was also seen 
in other parts of the aorta. 

The freq^nency of tear in tlie first portion of the aorta is probably due 
to the medial degeneration which occurs with the greatest intensity' in this 
region. With age, there is a tendency for the lesion to become more widely 
spiead throughout the aorta, and it has been suggested by Jloritz*^ tliat the 
disease is involutional in character 

No definite evidence has been given as to the manner in which tlie medial 
necroses occur. Jlost observers agree that these lesions do not arise because 
of the disturbance of nutrition due to disease of the vasa vasonim. It appears 
most likely that these degenerations are due to the action of toxins. These 
toxins may be bacterial, exogenous, such as nicotine or adrenalin, or meta- 
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bolic. There is also the likelihood that certain dietarj" deficiencies may be 
important factors in tlie production of tJiis lesion. 

SUMJIARV 

Two cases of dissecting aneurysm are reported. 

The aorta in each case showed cystic necrosis of media, without evidence 
of inflammation. 

It is believed that these changes in the media were the underlying proce.ss 
in the formation of the dissecting aneurysms. 

The etiology for this degeneration remains obscure, but dietary deficien- 
cies coupled with the action of toxins may' be important factors. 
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A STANDARDIZED PROCEDURE FOR THE STUDY OP COAGULATION 
REACTIONS (IN VITRO)'* 


Jo^^ II Fi:rgii<!OV, MD, Aw Akuo]!, Jlitii 


/^WINCi to paucity oC know ledge conccimng tlic e\act phj sieoclicmieal na- 

tuie ot the icagciits, aiij iii\estigalion ot coagulation leactimis is unduly 
dependent uiion the paiticulav set of conditions nndei niiieh tlie indiMdual e.\- 
pcinnentcr opeiatcs. Indeed, liis icsulls can often be evaluated only by a full 
consideiation of tlie liiiiitations imposed bi tlicso conditions Tlie paitieulai 
advantages claimed for a standaidizcd procedure aic (1) control of known 
variables, (2) a point of departme for the study of physieocliemieal factors, 
e g , temperature, pH, dilution, etc , and (3) a sufficient uniformity of the in- 
dividual reagents to attempt to lelatc each of them quantitatively to the coagu- 
lation time of the test systems Sevcial jears’ experience vuth a variety of 
techniques has resulted in the elaboration ot the following methods, herewith 
examined for the degree to whioli tliej mav claim to serve as a standardized 
pioccdure for a biochemical appioacli to coagulation piohlems 

EXPEBI5IENTAL TECHNIQUE 

Cell-Ficc (Plritclet-Piee) Plasma — A medium sized, piefeiahly fasting, dog 
IS anesthetized by inti apci itoneal harbitiuatc (c g , 0 7 c c per kg of 5 per cent 
pentobarbital sodium) The animal, ot course, is to he saciificed Blood is 
collected, with negligible tissue damage, via a pai affined cannula in the femoral 
artery, the first few cuhic centimcteis being discarded and the remainder le 
ceived into one-tenth volume of isotonic (3 8 per cent) trisodium citrate m 
paraffined centrifuge bottles (250 c c capacity) Preliminaiy eentrifugalization 
Jields a tuibid plasma containing platelets, some white cells, and usually a trace 
of led cells. Moie lapid and prolonged recentrifugalization in tubes (50 cc 
capacity) gives a cleat plasma, with a eeilam opalescence vaiying wnth the 
degtee of hpemia In oidei to remove all tiaces of platelets, etc, it is 

, ^ 'From the Pharmacolocical Laboratorj. School of Medicine, Unl\ersit> of Michigan Ann 
Arbor 

Received for publication Maj 13 1938 
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recommended that the twice-eentrifugalized plasma be submitted to rapid filtra- 
tion through a Berkefeld (V), or similar, filter. The filtrate is chilled and 
kept in the icebox. 

Prothrombin. — Fresh Berkefeld-filtcred plasma is defibrinated by ivarming 
cautiously in ivater bath to 54°-56° C. for two minutes, and then filtering 
through coarse filter paper. Prothrombin papers are prepared from 5 c.c. quan- 
tities of the filtrate by the acetone method of Howell.^’ The method consists 
simply in precipitation with an equal volume of acetone, immediate collection of 
the precipitate on a filter paper in a Bilehner funnel, rapidly ivashing ivitli 
about 20 c.c. of ether, and drying as quickly as possible in an air current 
(.let or fan). The dry papers may be kept indefinitely and a sufficient 
supply may be made from a single animal to last for iveeks or months. Pro- 
thrombin solutions of desired strength are prepared by macerating the cut-up 
papers for several hours with a suitable voliune of distilled water containing a 
drop or two of 0.5 per cent sodium bicarbonate, and subsequently filtering. 

Prothrombin-Poor Plasma. — Both the magnesium -hydroxide'^’ and alu- 
minum hydroxide-® adsorption methods have proved efficacious in our experience, 
and the following technique is selected from a number of empirical variations 
tested. One hundred cubic ecntimetei's of 10 per cent aluminum chloride are 
precipitated with one-half volume of 5 per cent ammonia. The precipitate is 
removed by eentrifugalization and resuspended in distilled ivater. Some tlircc 
to five repetitions of the washing and rcccntrifugalization are necessary lieforc 
the preparation, is sufficiently free from traces of ammonia. About 50 c.c. of 
distilled water are used to make the final suspension of “alumina gel.” 
shaken with 100 to 120 c.c. of Berkefeld plasma at intervals during a two-liour 
period at icebox temperature, complete, or, more often, nearly complete, ad- 
sorption of the prothrombin is effected without serious loss of fibrinogen. Higli 
speed eentrifugalization is preferred for recovery of the plasma, although slow 
filtration through coarse filter paper is often satisfactory. It is important to 
restore the pH of the recovered plasma to approximately 7.5 by adding N/l 
hydrochloric acid, drop by drop, with continuous stirring, until a test sample 
gives the correct color (orange pink) with phenol red indicator. 

Prothrombin-Free Fibrinogen. — ^The fibrinogen is precipitated from the ad- 
sorbed plasma by treatment iidth one-third volume of cold saturated ammonnim 
sulfate, the precipitate being recovered by eentrifugalization and redissolved m 
distilled water, or 0.9 per cent sodium chloride, with the addition of sufficient 
dilute alliali (sodium bicarbonate) to restore to pH 7.5 (phenol red indicator). 
It is advisable to filter at this stage and then to repeat the “salting out” once oi 
twice. The fibrinogen solution is the one reagent which must be prepare 
fre.shly, since no satisfactory method is known for keeping it in stable form. TI'C 
present preparation seldom fails to give a solution (about one-half to thiee- 
fourths of the original plasma volume) which is sufficiently stable at icebox 
temperatures for several days. 

•A method based on high-vacuum desiccation at low temperatures is at present ^ 
investigation. 
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Ccphtli7i — Tlie folloniiis method of piepaiin^ puie ecphahii fiom biain 
tissue embodies tJie ouf^nial tocimiqiie of Thudichum'’'' and tlie steps to lusiue 
the absenee of nonaiuino mliojren demised In and Rolf Fiesiih hashed 

biam (hog, c.dt, sheep), iitcd, ol eouise, liom pu matei, ote, is not diied 
but dueeth c\tiacted nitli tliice tots of 95 pci cent alcohol foUoued bj two lots 
of ether Tlie <deoliol and ctlioi cvliacts aie conccntiatcd scpaiatelj (vacuum 
distillation — filtei pump) and the “piotagons ’ lemoved from the cooled con 
centiates bcfoie mivmg The lm^cd conccntiates aie fmtliei e\apoiated to a 
useid uateii magma This is e\tiaetcd thice times uith acetone and once uith 
cold absolute alcohol Tiic icsidue is c\!iaiii»ttd nitii etiici, and tlie cephabn 
piceipitatcd fiom ctlieical solution mth cold absolute alcohol Tins is lepeated 

t\nii I 

rioTTiNf pjoimns m PTrriiuf\T\f r\ pi n \i in Rf if i \ts it \ vi mr ^ Si irr^ in Con sf 
o^ 1*KH n Mios s" <. Froiot Ol 

fiorriNj Tnrf 


1 1 riaiOog hlooil i nun 

~ liua centnfuffcd eitnto phsnn + Cs 4 mm 

1 Twice ccctnfugctl citnto phsnn + Ca + cepinbn 3 nun 

4 Berkefeld (T) filtered phsina (2) +0*1 0 mm 

T Berl efold (T) filtered plssnia (J) + Ci + ecplulm li mm 

JIr(OII), sdsorbod phsnia (i) + Ci JTo clot 

7 sd«orbed ph'sma (4) + Ca + ctpbalm 45 nim 

8 Fibrinogen from (0) (first prccipit ition lulli + ( i Iso clot 

y Fibrinogen from (0) (first precipitation with (''til,) SO,) + Ca + ttphalm li hrs 

10 Fibrinogen from (8) (^second prcupitatjon with feO*) + Cv No clot 

11 Fibrinogon from (8) (second precipitation with + Ca + coplcilm Trace 

(18 hrs ) 

12 Fibrinogen from (10) (third prc*-ijntat»on with (jM2,)j&0^) + Ca clot 


js~w— I 

IL 

m) 

tl) e =s benzene extr'vct^'U * 

tliiec Ol foiii times until the etlieical solution lemams pcifceth cleai aftei o\ei 
night cooling to 0° C, denoting fieedom fiom eeiebiosides Tlio final alcoholic 
deposit is a snou.^ ^thite mateiial, ttluch has been kept 7t7idei absolute aJcoJiol 
foi two jeais without undei going o\idation or detectable loss in eoagulatnc 
hmction Cephalin solutions aie piepaied hj etaporatmg 5 to 10 cc of the 
alcoholic suspension in a taied flask An an jet Ins pio\ed moie eomenient 
than the watci bath Bj adding the same numbei of cubic ccntimeteis of dis 
tilled watci as theie aio milligiams of dued cephalin, a eon\enient 1 1000 stock 
solution IS obfamod Other dilutions maje be made up as leqimed Aqueous 
cephabn solutions should be freshlj prepaied foi all quantita£i\e tests 

Routiue Co 7 it 7 ol Tests — 1 One cubic centimetei of fibunogcii incubated 
■\nth 0 25 cc each of 1 1000 cephalin and N/10 calcium cliloude should give 
no trace of clot in twenty-four hours (38*^ C ), indicating complete absence of 
piothiombm 
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2. Each batch of ccplialiii solution should be tested with calcium salt and 
prothrombin-free fibrinogen. We have never observed any coagulant pmver 
attributable to the cephalin per se. 

3. Fibrinogen should not be coagulated by any prothrombin preparation, 
with or without added cephalin, in the absence of added calcium salts. 

The data in the accompanying protocol (Table I) show the modifications 
of the coagulation reactions at each stage in the experimental procedures. 

Thrombin Formation Tests . — ^^^arious mixtures of prothrombm, cephalin, 
and calcium, together with any other agent (e.g., heparin) it is desired to test, 
are mixed and held at a chosen temperature (e.g., 20° C. v. infra), and 0.5 c.c. 
samples are removed at intervals. Eacli sample is added to 1 c.c. of pro- 
thrombin-free fibrinogen in a 10 mm. diameter AVassermann tube in a suitable 
rack, maintained at 38° C. (thermostatically-controlled water bath), and the 
clotting time (C.T.) noted. Clotting time plotted against the age of the thronibic 
mixture (timed from the addition of the calcium salt) gives the activation enrre 
for the particular thronibic mixture under investigation. If the same pro- 
thrombin and fibrinogen preparations (known to be stable — infra) are used 
throughout, the character of the activation curve is a function of (a) the con- 
trolled physical conditions and (b) the amounts of the other reagents used. 


discussion 


It is immediately obvious from the data in the accompanying tables that 
thronibic activity, as indicated by clotting time, is not a fixed property of an)' 
given tlu'ombic mixture, but rather a djmamic process which must be evaluated 
with reference to the secpience of change. Unless the particular point in the 
series of values can be specified on exact experimental grounds,- no significance 
can attach to the use of clotting time as a measure of thrombic activity. It be- 
comes necessary, therefore, to determine the conditions under which the activa- 
tion curve may be regarded as standardized. 

The fii'st consideration relates to the purity and stabilit)’' of the reagents 
used. The second factor is the set of physico-chemical conditions, including, 
for instance, pH, temperature, and dilution variables. The present communica- 
tion represents a critical examination of these technical problems with a view to 
proceeding ultimately to an examination of the third variable, viz., quantitatuc 
differences relating to each of the specific factors involved. 

Purity of Reagents . — The iouizable calcium salt"’ and the cephalb^ arc 
chemically pure. Our phospholipid ivas free from traces of choline and an 
aWzed, almost exactly, N :P : :1 :1, all the N being in NHa ’ form. Its calcium 
compound-' did not precipitate, but remained in colloidal solution, with the ac 
companj'ing acid shift in pH readily demonstrated by bromthj’mol blue i 


dicator. 


Prothrombin (fibrinogen-free) is, unavoidably, a crude protein (or its 
radation products), undoubtedly of plasma origin. In an experience inc u 
over fifty preparations we have on onlj' one occasion (and that to a verj ^ 


We are indebted to Dr. Quick of Marquette University for a supply of his 
tract (“thromboplastin’’-^. On simple recalcification it clotted prothrombin-iree nu 
about seven minutes, showing inadequate purification from coagailant precursors. 
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csteut) obsei\ed an} "spontaneous” (le, unexplained) actuation It may be 
concluded that added calcium is essential for its coiueision into tlirombin The 
tanomalous data m the htciatiue^ need seaiching ic imestigation of tins 

point Owing to such "spontaneous” actuation, doubt attaches to the claims of 
Howell and his pupils (op cit ) that piothiombiii maj be coiuerted into 
tlirombin b} such agents as aicoliol, chloiofoim, etc , a finding we have been iin 
able to coufiim Using one tenth volume of 0 005 pei cent of Noitliiop and 
Knnitz’s cijstalhne tivpsm (Kindi} supplied b} the HocKeicllei workers) we 
have confirined Eagle’s* domonstiation of coagulant aetuitv in tivTisinized pio 
thrombin solutions (without added calcium oi ccphalm) Theic aie, howevci, 
sufficient minoi diffei cnees fioin the usual thiombin svstem to warrant doubt 
that the actuation m the same plicnomenon in both cases 

Calcium alone always develops a lelatuel} weak coagulant Ceplialm 
enormous!} impioves the tJiiombic .aetivitj and caihei data*" ® lead us to 
tlie conclusion that calcium alone is msutTicicnt if soiuccs of "available” 
phospholipid can be e\cluded The UowcU piothiombm piepaiation is usuall} 
"poor in available cephalm” and the piacticabditj of woikmg with our piepaia 
tioDs even m quautitatuc studies on the ccphalm factoi is borne out bj the fact 
that significant clotting time diffcicnecs (at the minimal zone) accompan} vniia 
tions amounting to but 0 0005 mg of added ccphalm pei 5 cc of piothiombm 
solution It is not lecommcnded to attempt tuithci eontiol of the cephalm 
factor by any routine use of lipid solvents 

rtbixnogen — On similai grounds to those discussed m connection wutli 
prothiombm, v\e maj' concede that fibrinogen is a jilasma piotem fraction free 
from "significant” calcium and coutammg onl} a small amount of "available” 
phospholipid ® It is piothiombm free 

Anhtlirom'bic ractois — The need foi a consideiable amount (of the order 
of one m several himdieds) of cephalm to iieutializc minimal (one m several 
thousands) quantities of added hepaim is lecoidcd in anothei lepoit'® Since 
one pait of cephalm m seveial millions is quite active in oiii svstem, there can 
not possibl} be anj significant antitliiombic fattoi content 

SiabiUti/ of Jieagents — The calcium chloiidc solutions require no com 
nient The keeping pioperties of cephalm solutions liave been studied A 
1 1,000 solution, winch icniains cleai and odoilcss, niaj be kept m tlic icebox foi 
a week without demonstiable weakening of its clot aiding powcis "Weaker 
solutions detciioiatc moic lapidly 

We have previous!} noted® the excellent stabilitj of om pi othi omhin piep 
matjons but it is advisable to lun controls befoie and after aii} extended seiies 
ot quantitative tests especial!} with diluted solutions The solutions 

aie highly satisfactoi} as a luie, but some dcuatuiatioii ma} occui diumg 
the prepaiation despite evei> technical caie Close adheiente to the uted 
method of piepaiation is recommended Dialjsis is unnecessai} and un 
desiiable®*' Denaturation phenomena in relation to clotting have been con 
sidered b} Fischer“ and Wohhsch"® A cool tempeiatuie is an impoitant 
means of contioihug denatniation of fibiinogen 
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produced. That is why we alwa 3 's time our clots from the commencmcnt. To 
wait for a solid clot in the presence of a weak thrombin introduces the considera- 
tion of amount of fibrin formed, and this, of course, is governed by a different 
set of factors, notable among which are questions related to quantity of thrombin 
and weight of the clot (Eagle-), neither of which can as j&t be dignified witlia 
biochemical significance. 

D. Temperature. — The experiments of Table IV afford a good illastration 
of the weU-lmown dependence of the rate of thrombin formation upon tempera- 
ture. Attention is called, however, to the relationship of temperature to tbe 
rate of thi’ombin deterioration (“metallirombin”? formation). In the series 
A, the incubation of the throrabie mixture Avas continued at 38° C., with the eri- 
dent result that the potency of the thrombin fell off quite rapidly after a brid 
optimal period. In experiment B, a portion of the identical mixture was re- 
moved after six minutes of incubation and immediately cooled and kept at 15' 
C. The stabilization of the thrombin liy the lorvering of the temperature is 
strikinglj^ demonstrated. 

Table IV 

Effect of TEiiPERATtiRE on Thrombin Formation and Stability 

Tlirom'bic mixture = 10 c.c. prothrombin -f 1 c.c. 1 ;1000 cephalin -f 1 c.c. E/tO 

T:F 1 = 0.5 c.c. : 1.0 c.c. 

Clotting times (seconds) at 38° C. 


INCUBATION PERIOD = 

1' 

2' 

5' 

7' 

10' 

SO' 

30' 

60' 

M 

i2y 

A. 38° C. throughout 

hrs. 

hrs. 

40" 

40" 

42" 

85" 

lEca 


hrs. 

nr?. 

B. 38° C. for S min. then at 15° C.* 

Iirs. 

hrs. 

40" 

40" 

41" 

45" 

45" 

45" 

wm 

m 

0. 15° C. throughout 

hrs. 

hrs. 

hrs. 

— 

210" 

75" 

30" 


3\)_ 

Pi 


‘Clotting: tests of series S performed 1 min. earlier than times listed. 


For “standard” conditions it is recommended that a temperature of 15° k 
20° C. be employed for the thrombin activation, accepting the inconvenieuce 
of some delay in the process of activation, rather than the risk that differences 
in the activation curves be due to uncontrolled thrombin deterioration instes 
of to the imriable ivhich is being tested. The use of a temperature of 38 o. 
for the actual clotting test is justified by the speeding up of the clotting hM 
so that there is seldom a long enough period for appreciable “metathroiubn' 
formation. In certain delai'cd coagulations, however, this possibility may 
quire fimther investigation. 

Another illustration of the importance of temperature is offered m 
data of Experiment V, which was devised in order to emphasize the 
for controlling thrombin stability’- in evaluating relative fhromhie activity h> 
dilution method. 

Experiment Y. — Thrombic mixtui'c == 15 c.c. prothrombin -f 1-5 c.c. 
cephalin + 1.5 c.e. K/10 ealcium chloride. After five, ten, thirti^ mimite-s 
lion, at 38° C., the clotting times of test samples were 30, 55, 210 ^ 

respectively. Betiveen the seventh and ninth minutes, dilutions of 1- > . 

1 :8, and 1 ;16 were made and liept at 38° C. Betiveen the ele-venth and 
minutes, these gave clotting times of 78, 145, 240, and 540 seconds, 

Between the thirtieth and thirtj^-fifth mimite.s, the corresponding tests ii 
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clotting times of 175, 225, 360 and 570 seconds, a marked deteiioration ■winch 
would quite iinalidate the use of these \aliies as standaids of leference foi 
calculating “thiombin peicentago” (Eagle op eit ) Another series of the 
same dilutions was made up at approsimateli the same time as the first senes 
The second group, howeiei, was kept at 15° C The clotting times were (a) 72, 
140,220 4,50 seconds icspectnelj (ninth to elec eiith minutes) and substantiallj 
the same, mz, (b) 72, 140, 215, 460 seconds, respecticelj (thntieth to thutj' 
fifth inmutes), some twentc miniites l.ifci 

It IS concluded that the specific influence of thiombin coiicentiation upon 
clotting time (i supra) makes it piacticablc to use a dilution method for com ert- 
mg thrombic aetiiitj (clotting time) info iclatiio thiombin laliies (eg, per 
centages), pioiidcd that suitable eontiols aie made to assure stability of the 
thrombin thioiiglioiit the experiment.al peiiod Tlieie is, lioweier, no partioiilai 
laliic in such additional proceduies where the peitinent infoimation can be 
lead diieeth off the piothiombin aetic.stion eiiiies 

CONCLUSIONS 

It is evident fiom the foiegoing technical eonsidciations that the standard 
ization of procedures foi the biochemical imcstigation of coagulation leaetions 
can lie aehioied to a siifllciontlj satisfactoij extent The manipulations and 
eontiols aio somewhat tedious and demand considerable caro, but the results 
offci the possibililj of a distinct relnnee upon eicn small changes in clotting- 
timc data in eliicid.iting a xarietj of variables 

SUMMARY 

The standaidization of coagulation techniques imohes the preparation of 
isolated leagents (eg, calcium salts, ceplialm, prothiombin, and fibrinogen) 
controlled for “puritj ” and stability 

Physical vaiiables necessitating investigation and control include pH, tern 
perature, and dilution factors 

It IS recommended that a pH slightly on the alkaline side (about 7 5) be 
maintained by contiolling the test systems with phenol rod indicatoi A tern 
perature not exceeding 15° to 20° C is necessary to prevent thrombin deteiiora 
tion In most cases a tempciatiirc of 38° C is preferred foi the actual coagula- 
tion tests 

Under conditions of thiombin stability and controlled dilution variables, the 
clotting time values become leliablc data of reference foi the comparative in 
lestigation of a large number of experimental variations in the coagulation 
sy stems 
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JIULTIPLr. PKUrAPY JULIGNANT TUJIORS* 


J D KiRsnuimr, , MS, and P h Shi\el\, Jr , B S , B M , 

Chicvgo, Ili 


M ultiple pumnn malignant tnmois m the same indnidnal aie of gieat 
inteicst since thc\ dcmonsliate that a malignant neoplasm does not infei 
against a second malignant tumoi The htciatnic contains manj le 
poits desciibing multiple malign int tnmois but m ic\ieumg this liteiature one 
finds disaepancies as to the ficquenc\ of this <oinbination as ^^eU as the ciiteiia 
applied in dcteimnnng ^\hcthc^ tuo tnmois aie independent of each otbei 
BilliotlP IS Cl edited with ha\ing icpoilcd the fnst ease of multiple piimai\ 
tumors m 1S69 Plied'' coiisidoicd the condition \en laio, finding one case m 
1,000 post moi tern cNaminations Muller,® in icMtning 5,032 autopsies o\ex 
20 'iCtUs of age, noted 1,121 tnmois, IS oi 16 pei cent had moie than one 
cancel Hauington* studied 1,100 cases of caieinoma of the bieast and found 
the second bieast in 37 instances the stu ol caicinoma tithex simultaneously 
01 subsequcntlj Tliutceu cases he consuleied as multiple pnmaij cancers, an 
incidence of 1 1 pei cent Ilanscmanu'’ found 5 eases out of 1,000 tiimoi cases 
Eedlielv,® quoted b\ Ei\ mg,'*- lepoitcd 14 eases fiom a senes of 1 225 eases Han 
Ion, after eaiefuUj icMcuiiig the literatiuc, leported 4S cases Pulu,^ in a 
seiies of 6,718 neeioxisics fiom the second Budapest Pathological Institute, 
found 1,559 tnmois, 219, or 14 04 pei cent wac nmitiple growths, of nhich 5, 
or 021 per cent, ueie multiple prmiaij malignant neoplasms Egli,® quoted by 
llunay, in iCMewing 966 tnmois at the Basel Pathological Institute, found a 
mnltiphcih of tumors m 263, or 27 3 pei cent, of nluch there ueie 20 multiple 
malignant giowths, oi 2 07 pci cent iiluiraj*® repoitod a sciics of 4,219 e\am 
mations from tlie Oslo Cancel Institute to haic had 32 multiple malignancies, 
Ol 1 pel cent, of the cases Ilaibtz” found 16 eases, oi 3 per cent m 524 cancel 
autopsies MeNamaia*^ found one case in 364 autopsies 

Single cases b^ Bosq*-* Yaniagiua,*"* Luehsniger Ball and Re\nolds,^ 
JolWcr," Penotte,'® Wmtei," AVliite^ Bargeii and Eankm,=* are desciibed 
Also tn 0 eases by New and Children BusehlJ'* and Seecof 

Peiison^^ repoited similai tumois in both testes, and ie\iewed 46 piimary 
bilateial tumors of the testes 

Hint and Brodeis®® found 71 cases of multiple piimaiy malignant neo 
plasms, or 3 34 per cent, in 2,124 patients at the 5Ia>o Clinic The majority of 
these eases weie from, surgical specimens and not post moitem mateiial 

^ ‘From the Department of PathoIog> Cook County Hospital Dr W alter Schiller Director 
and the Department of Surgerj Isorthwestem Unnersitj 
Uecehed for publication Maj 16 1?S8 

28 J 
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Table I 

Summary of 1411 Cases of Carcinoma 


LOCATION OF TUJIOR 

NO. OF TUMOnS AS 
PRUfARY CAUSE OF 

PEATH 

SO. OF IXCIDE.VTAI, 

TUMORS 

liespiratory Tract 

1. Oral cavity 

33 

3 

2. Tonsil 

7 

0 

3. PliarAnx 

14 

1 

4. LarATix 

15 

0 

5. Lungs 

144 

0 

Gastrointestinal Tract 

1. Esophagus 

S2 

1 

2. Stomach 

235 

18 

3. Intestines 

a. Large 

151 

22 

b. Small 

S 

0 

4. Liver 

a. Primarv 

2fi 

0 

b. Bile ducts 

1.3 

2 

u. Gall bladder 

37 

2 

(i. Extra hepatic bile ducts 

40 

1 

Male Sex Organs 

1. Testicle 

15 

0 

2. Prostate 

6S 

22 

3. Seminal vesicle 

1 

0 

Female Sex Organs 

1. Erethra 

1 

0 

2. Ovaries 

34 

1 

3.- Uterus 

a. Cervix 

77 

6 

b. Corpus 

14 

1 

4. Vagina and vulva 

5 

0 

5. Breast 

70 

7 

Genitourinary Tract 

1. Kidnev 

43 

26 

2. Ureters 

0 

1 

3. Urinaiy bladder 

23 


Endocrine Organs 

1. Pancreas 

67 

u 

2. Pituitary 

2 

0 

3. TliA-roid 

13 

0 

4. Adrenal 

2 

0 

5. Thymus 

1 

0 

Miscellaneous 

1. Skin 

18 

7 



— ■ — 

Total 

1288 

]2.3 ________ 


Oiveii-' found 4.7 per cent of 3,000 cases of primarj' multiple 
tumors at the Barnard Free Skin and Cancer Hospital. 

'Warren and Gates" made an extensive i-evieiv of the literature 
subject of multiple primary malignancies up to the year 1932. They lou 
incidence of 1.84 per cent of multiple primary malignancies in their co 
scries of 794 cases of carcinoma. In their oum series of 1,078 autopsies m 
carcinoma Avas the primary cause of death, 40 cases ivere encountered m 
there were multiple primary carcinomas giA'ing an incidence of 3.17 pei 
Burke'- from 1924 to 1935 reported 583 cancers Avith an 
28.6 per cent in a series of 2,033 autopsies. In this series there Avere 
of multiple primary carcinoma. Avith an incidence of 7.8 per cent. 
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TABtt 11 


SUMM\P\ OF 25 C\SES'^ 






OJ rr\N 

IVVOUEB 


MU \STASF'> 

C\SI 

\0 









AGE 

Si-\ 

r.ACF 

TUMOr. 

TUiior. 

TI Mon 

TLMOI. 

TUMOR 




.so 1 

NO 2 

so 3 

SO 1 

NO 2 

2 

03 

M 

C 

Stomach 

Sigmoid 



Present 

Absent 

2 

06 

M 

C 

Stomach 

Sigmoid 1 



Present 

Present 

G 

50 

U 

W 

Stomach 

E«.opl»ag«‘! 1 



Pre =ent 

Absent 

4 

81 



Stomach 

Prostate * 



Present 

Absent 

j 

75 

51 

M' 

Transier^e colon 

Skin j 



Absent 

Absent 

fi 

74 

F 

W 

Sigmoid 

Rectum 1 



Present 

Absent 

7 

77 

il 

AV 

Sigmoid 

Rcetnm 



Vhcent 

Absent 

S 

7G 

M 

^Y 

Rectosigmoid 

Kidney , 



Absent 

Present 

p 

GO 


■\v 

Colon. 

Tone'll 



Present 

Present 

10 

77 

if 

W 

Common duct 

Hepatic flexure ' 



Present 

Ab-ent 






colon 1 




11 

50 

M 

W 

Common duct 

Stomach 



Present 

Absent 

12 

54 

F 

\V 

Hepatic duct 

Rectum 



Present 

Absent 

13 

09 

F 

W 

Gall bladder 

Rectum 



Present 

\b«ent 

14 

57 

jr 

c 

Liver 

Rectum 



V-bsent 

Absent 

35 

5J 

M 

w 

Pancreas 

Stomach 



Present 

Absent 

1C 

00 

F 

c 

Lung 

Uterus 



Present 

Absent 

37 

OS 

j[ 

\v 

Lung 

Prostate 



Present 

Absent 

18 

09 

F 

w 

Lung 

Cervix 

Ese 

Present 

Absent 

19 

C9 

if 

\v 

Lip 

Liver 

Prostate 

Present 

Absent 

20 

47 

T 

■\V 

Cenix 




Present 

Present 

21 

05 



ludnev 

Rectum 



Present 

Absent 
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The material studied lu our paper uas soleetcd fiom 10,870 conseentne 
autopsies performed at the Cook County Hospital from 3929 to ^lay, 3938, in- 
clusive There were 1,411, or 12 98 per cent, caicniomas encounteicd One 
thousand two hundred and eighty-ciglit of the eaicinomas "tterc the primaiy 
cause of death, "while 123 of the caicmomas Mcie an incidental finding at 
necropsy. Sarcomas and malignant ncurogemc tumors ucie excluded in oui 
group of cases (see Table I). Tuenty-five cases piesented multiple primary 
malignant neoplasms, or 1.77 per cent, of the malignant neoplasms The 25 cases 
are briefly summaii/ed in Table II 

CASE REPORTS 

Case 1 — A colored iinie, aged G5 jears Clinical Diagnosis Carcinoma of the 
stomach, ^nntowic Diagnosis (1) Ulcerated, disk shaped adenonarcaioma of the le^er 
curvature of the stomacli, (2) poljp of tlic sigmoid coloa with malignant tran<jformitjon 
^ctastases: (1) to the perigastric, peripancreatic, periaortic hmph node"*, liver, perirenal 
fat tissue, and muco'Ja of the "mall mtestine 

C\f,E 2.— A colored male, aged 06 jears CUntcal (1) Atrophic cirrhosi*!, 

(2) carcinoma of the stomach Jnatomw Diagnosis (1) Ulceiated mcdulhrj carcinoma 
ot the fundus of the stomach and perforation into the ictrogastnc sp ico and formation of 
a retrogastric abfcee‘-s, (2) poljp of sigmoid colon with malignant transformation Melastascs 
(1) to the perigastric, peripancreatic, and mesenteric Ijniph nodes, (2) to the Incr 

Case G.— A xvlute male, aged 50 jear* CUntcal Diagnosis (1) Carcinoma of the 
eooplngua or upper cardm with metastases to the vertebrae and cervical lAinph nodes; (2) 
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myocardial degeneration. Jnaioinic Diagnosis : (1) Adenocarcinoma of the cardiac ead of 

the stomach with stenosis of tlie cardiac orifice; (2) hornifying, anaplastic, Equamons.cell 
carcinoma of the esophagus. Ucta&iases: (1) to the pleura, liver, greater omentum, periaMt'c 
lymph nodes, peritoneum, and diaphragm. 

Case 4. — A white male, aged SI years. Clinical Diagnosis; Carcinoma of Hie stomaet, 
with pyloric ohstruction. Anatomic Diagnosis: (1) Ulcerated mucus-producing adccf'- 
r.arcinonm of the prepyloric portion of the stomacli; (2) adenocarcinoma of the pro.'tah 
gland, llctasiases; (1) to the perigastric, mesenteric, peribiliary, and peripancreatic Ijiupi 
nodes, and to the peritoneum. 

Case 5. — A white male, aged 75 years. Clinical Uiopnosis; Syphilitic heart dfecK. 
Anatojnio Diagnosis: (1) Adenocarcinoma of the transverse colon with moderate stenosis o! 
the lumen; (2) a small basiloma of the nose. Metastases : None. 

Case 6. — A white female, aged 74 years. Clinical Diagnosis; Acute intestinal obstruc- 
tion due to a carcinoma. Anatomic Diagnosis: (1) Annular constricting adenocarciso® 
of the sigmoid colon with partial obstruction of the lumen; (2) plaquelike adenocarcisoES 
of the rectum. Metastases: to the liver. 

Case 7. — A white male, aged. 77 years. Clinical diagnosis: Carcinoma of the signwd- 
causing partial obstruction. Anatomic Diagnosis: (1) Stenosing carcinoma at the junctict 
of the descending and sigmoid colon; (2) papilloma of the rectum with carcinonraR'i- 
transformation, dictastases: None. 

Case 8. — A wliite male, aged 76 years. Clinical Diagnosis; (1) Carcinoma of tiie recto- 
sigmoid junction with metastases to the liver; (2) generalized arteriosclerosis; (3) myocM® 
sclerosis witii mild decompensation. Anatomic Diagnosis; (1) Ulcerating, fungatw?. 
adenocarcinoma of the rectosigmoid junction; (2) hypernephroid carcinoma of the upper pok 
of the left kidney. Metastases; (1) None to the liver; (2) to the kidney capsule. 

C.iSE 9. — A white male, aged CO years. Clinical Diagnosis ; Biopsy of tonsil and 
revealed a squamous-cell carcinoma. Anatomic Diagnosis: (1) Colloid carcinoma of the s'o 
moid colon; (2) hornifying epidermoid carcinoma of the left tonsil. Metastases: (1) " 
the liver, sternum, thyroid, and the left adrenal; (2) extension into the soft palate. 

Case 20. — A tvhite male, aged 77 years. Clinical Diagnosis: (1) Carcinoma of 
intestine with metastases to the liver, or (2) carcinoma of the pancreas. Anatomic Diagno.a 
(1) Adenocarcinoma of the common duct at the junction with the cystic duct; (2) 
fungating, mucous carcinoma of the hepatic flexure of tlie colon. Metastases: (1) 
hepatic and biliary lymph nodes, gall bladder, and the liver. 

Case 11. — A wliite male, aged 50 years. Clinical Diagnosis: (1) Carcinoma of the 
ducts or pancreas; (2) Catarrhal jaundice; (3) silent stone in the common duet. An 
Diagnosis: (1) Adenocarcinoma of the common duct at the junction with the jjjj 

occluding the opening of tlie cystic duct; (2) stenosing, disk-shaped adenocarcinoma 
pyloric portion of the stomach, Metnstase.s; (1) to the peribiliary lymph nodes, liver, . 
wall of the stomach. 

Case 12. — A white female, aged 54 years. Ctmical Uiagnosis; (1) 
head of the pancreas, or (2) carcinoma of the bile ducts with obstruction, 
Diagnosis: (1) Mucus-producing adenocarcinoma of the hepatic ducts completely o 
the luraeu; (2) ulcerating carcinoma of the rectum. Metastases: ( 1 ) to the liver an 
lower lobe of the lung. 

Case 13. — A white female, aged 09 years. Clinical Diagnosis: (f) 

nancy. Anatomic Diagnosis; (1) Adenocarcinoma of tlie gall bladder; (2) mu ^ 
polyps of the rectum with malignant transformation of one of them, mc 
to the liver and peribiliary lymph nodes. 
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C\SE 14 — \ colored mile, nped 57 ^c'lrs CItntrnI Diagnosis (1) Syphilitic lortic in 
sufficiency, (2) cnrcinomi of tlio Iner, prob'ibh becondiry to the stonneh i\ith ascites 
Anatomic Diagnosis (1) Carcinoma of the liver, (2) polyp of tlio transieise colon with 
carcinomatous transformation ^Hetastatrs (1) with tumor imasion and obstruction of the 
portal icin and sccoudarv thrombosis extending into the superior incscnterit vein 

0\si 15 — white male, igcd 5J \eirs CUmcal Diaffnosi<! Recurrent carcinoma of 
the stomach with metastascs to tho port il lymph nodes and compression of the bile ducts 
Anatomic Diagnosis (1) Adenoc ircinoma of the liead of the pancieas with comprcasion 
of the common bile duct, (2) multiple (2) poUps of the stonncli with cirly malignant tnns 
formation of one of them Mclasta&cs (1) to the liver, peripant reatic Ivmph nodes, and 
the periaortic lymph nodes, tumor thrombosis of the liepitie and splenic irtcrie«, and to tho 
wall of the gall bladder 

C\si 1( — A white female, aged CO yoirs Clinical Diagnosu (]) Carcinoma of the 
corpus uteri with inetast isos to the left lung or (2) carcinoma of the right ovan and a 
«econdarv bronchiogenic carcinoma, (3) arterio clerotic hcirt disease with lunculai fibrill i 
tion Anatomic Diagiw’its (1) 'Medullan idciiocarcinoma of tlie mam bronihus of the left 
upper pulnionarv lobe, (2) fungating adonoLaremoma of the corpus uteri with extension 
into the conical canal ind a sujijiurativc endoccr\iciti« itctasiascs (1) to the left uppei 
pulmonary lobe and to tho left pulmonirv hihis Ivmph nodes 

Cvsr 17 — V white mile, aged (S voais CUuual Ihajno'^is (1) MalJgnanc> of tlie 
lung, (2) bont tumor of the right axilla timfomir Diagnosis (1) \cr\ anapla«tic, im 
differentiated bronchiogenic «quamousctil carcinonn of the bronclius of tlic right upper 
lobe, (2) adenocarciuom i of the prostate Metastasis (1) to all the pulmonary lobes, 
vertebral body, ribs, adrenals, lidnov, nnocardiuni vtomaih, and to the si m of the scalp 

C\SE 18— A white female aged 59 a ears (hmcal Diagnosis (1) Multiple metastascs 
to lungs, mediastinum, and subcutaneous tissue of the chest either a carcinoma of the 
cems or a sarcoma of the right orbit Anatomic Diagnosis (1) MeduHar\, round cell car 
cinoma of the middle lobe of the right lung, (2) ulceration and fibrosis of the cerMX uteri 
with obliteration of the external os (radium sterilized carcinoma of the cervix) , (3) sarcoma 
of the right orbit Afctflstdscs (1) to both lungs pulmon iry hilus peritracheal, posterior 
mediastinal, penpancrcatic, periaortic hmpli nodes, right serratus muscle and diaphragm, 
greater omentum, anterior mediastinum, both adren iK, both kidnevs and under the capsule 
of the liver 

Case 19 — V white mile, iged C9 yeais Clinical Diagnosis (1) Carcinoma of the 
hp winch was dnthennized Anaiomio Diagnosis (1) Epideimoid carcinoma of the 
upper lip, (2) periportal cirrhosis of tlie liver and early hcpatocellulai carcinoma of the 
right lobe, (3) adenocarcinoma of tlie prostate IfctoA/rtscv (1) to tho subniaxillary lymph 
nodes of both sides 

Case 20 — A wlnte female, aged 47 vears Clinical Diagnosis V far advanced car 
cinoma of the right breast with multiple met istases Anatomic Diagnosis (1) Ulcerating 
hornifying, squamous cell carcinoma of the cervix, (2) siinhous ductal carcinoma of tlic 
breast Metastases (1) to the bodv of tlic utt.ru'. vaginal wall rectum urinary bladder 
periaortic and peruliac lymph nodes ind fo the Uver (2) to tlie sLin right axilhrv lymph 
nodes, left tlavicle, pleura, lung, and to the right idrenal 

Case 21 — V white malt, agtd to vcais ilintcal Diagnosis Viimilai lunstiitting 
adenocarcmoiii i of the icctum with mtl ist i^cs to the lungs Anatomic Diagnosis (1) 
^lalignint hvpcmcphroid ciitmoma of tlic left kidney (2) idtnoc luinoin i of the rcttuiii 
Metastases (1) to the renal vein and pelvis, lungs, and liver 

C\SE 22 — A wliite female, aged 35 vears Clinical Diagnosis (1) \ pseudomucinous 
evstadenoma of the left ovary witli malignmt transformation, cr (2) a malignancy of the 
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colon. Anatomic Diagnosis; (1) Hypemephroid carcinoma of the left adrenal; (2) adeno- 
carcinoma of the colon. Meiastases: (1) invading the veins of the kidney and the inferior 
vena cava; metastases to the liver and to the right ovary; (2) to the liver and mesentery. 

Case 23. — A white male, aged 70 years. Clinical Diagnosis: Malignant hypernephroma. 
Anatomic Diagnosis: (1) Hornifying squamous-cell carcinoma of the upper one-tliird of tie 
esophagus with marked constriction; (2) recurrent papillary adenocarcinoma of the right 
kidney. Meiastases; None. 

Case 24. — A white male, aged 52 years. Clinical Diagnosis: Advanced pulmonary 
tuberculosis and tuberculous laryngitis. Anatomic Diagnosis: (1) Ulcerated squamouscch 
carcinoma of the left py’riform sinus involving the ary'epiglottic fold; (2) adenocarcinoma of 
the lesser curvature of the stomach. 

Case 25. — A white female, aged 60 years. Clinical Diagnosis: (1) From an x-ray of the 
chest and skull, an osteolytic malignant tumor of the parietal bone with metastasis to the 
lungs was considered. (2) The diagnosis remained uncertain as to the origin of the tumor. 
Anatomic Diagnosis: (1) Adenocarcinoma of the thyroid; (2) adenomyomatosis of the 
stomach with carcinomatous transformation. Metastases: (1) to both lungs, the right 
parietal bone, sacral bone, and tlie right peritracheal lymph nodes. 


DISCUSSION 


The 25 cases, with apparently two independent primary malignant tumorsi 
were selected from a series of 1,411 malignant tumors. The tumors were situated 
in different organs, usually" in different systems, and frequently showed different 
histologic structures. These criteria are necessary in order to exclude metastases 
that may simulate primary tumors. Billroth formulated three rules which he 
thought had to be adhered to in making a diagnosis of multiple primary nnihS' 
nant tumoi’S : (1) each tumor must have a different histologic appearance, (") 

the tumors must have different sites of location, and (3) each tumor must pro- 
duce its owTi metastases. The above rules may apply to some cases, hut they 
canuot be fulfilled in all cases of multiple primary malignant tumors. Tuniore 
need not necessarily have a different histologic structure in order to be eonsiaerc 
independent. This is illustrated by Case 4, which showed an adenoearcinome 
of the stomach and an adenocarcinoma of the prostate. A single organ leej 
be the site of two different primary malignant tumors ( Jaff6°® and Benner J, 
either from an embryologic basis or due to irritants. No metastasis may ex'S 
from either of the two tumors, i.e., as shomi by 5 of the cases. 

Goetze^“ offered the following criteria for the diagnosis of multiple priiuarj 
malignant neoplasms: (1) the tumors must have the macroscopic and imem 
scopic appeai’ance of the usual tumors of the organs involved, (2) the 
of metastasis must he certain, and (3) the diagnosis may be confirmed by 
character of the individual metastases. The third point was illustrated m 
Case 22 of the series; the liver contained metastatic nodes of two distinct 
ferent histologic structures. 


Wooley",^^ in an attempt to classify multiple primary malignant tunw‘^’ 
listed them into the following groups : (1) multiple tumors may affect the sa .^ 
tissue and produce identical tumors, or gronfilis of different tyqies ; (2) ahec 
both of a pair of organs need not necessarily" he of the same histologic 
e.g., both breasts; (3) affecting different regions of the same system nee 
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uecessanlj be of the same Instolopt t'pe le the genital tnet , (-1) diffeient 
s\ stems ma^ be afleeted In diiVeicnt tspes of ne« gioiiths 


It IS appaient tliat thcic is no standaid definition to charneteiiTe multiple 
primaij iiialignant tiiiiioi'S One must hetp in mind that metastascs sometimes 
shoM consitlei able difteionccs fiom the piimais tumor In the metastascs meta 
phsfic changes niai bo picsont that aie not obsened in the puinaij tumoi 

Vaiimis tbcoiics Into been ofteied loi the pithogeiicsis of multiple piimaij 
malignant neophsnis Eniiig®" states that The lathei common oeeuiience 
of tno 01 moie tiimoi's in dilTeicnt oi same organs of the sime subject suggests 
nothing moic tliaii the comeideiicc iii scacial oigans ot the geiieial liiological 
faetois in the genesis of tumois ” He suggests that «licn minute seaich is eaie 
fnlh coiiduelcd and all foims of tumoi gi oaths included the pioportion of 
multiple piiman tiuiinis mil be much gieatoi Tint theie ma\ be an eiidog 
CHOUS cause, le, the almoiiiuil distiibiition oi cliiomosomcs m nuclei has licon 
often emphasized Anomalies in poll dnision liaio been icpc.atedh ob 
sened’'’ Tlieio niaj be a meelianical divdopnicntal aiiom ih ’ oi multiple 
foci of initntiou Toxins mai pcisisfcnth act in the same mdisidual in tao 
diffcient locations’' Hadsei’ suggested that theie ma\ bo multiple foei of 
embrjonal displaced oi suiieifluoiis cells as the cause It a ns thought that in 
dniduals aith one tumoi nia\ c\cit an mimunitj against a second tumoi This 
heliet aas based on the expeiimeiifal aoil ol Ilhitich and Apolaiit who shoacd 
that a tiansjilniitcd mahguaut gioalh iii niut contuicd minmnitj against a 
second inoculation of the same oi anolhei tumoi Latci aoiAcis hnio shoan 
that this immuiiitj dmuiiislies aftci a slioil ptiiod An indiMdual aith a 
malignant gioath usiialh succumbs to it hofou a second malignant neoplasm 
de\ clops 

The complex influence of an existing tumoi upon iieighboiing cell groups 
maj predispose to tumor groath’* Similai tumois in paiied oigans maj exoit 
diffeient influences in each ease Theie mas be mdespiead multiple foci of 
oiigin ahich mas exhibit neoplastic gioath one aftci the othei, thus simulating 
the lateral diffusion of the Uuiioi pioccss " As an explanation foi the ins oh e 
mont of paiicd oigans, Woolcj’’ behesed that the cells must be m a special 
state, so tint ss hates ei acted upon one oigaii ahether the aetise pioliferation 
was nutated bj one faetoi oi auothei, aftcctcd similailj its pair Oir*' aas 
of the opinion that if aeeuiate obseisatious sveie recorded of the oeeuiience of 
multiple piunary malignant tumois, the disputed question of svhether one 
malignant tumor exeicises an inhibiting eftect on the deselopment of a second 
ssould be settled 


The 25 cases dcsenhed aie hiiefls summaiized in Table II There sserc 
17 males and S females Tssentj one of the cases sscie svhite and 4 acre colored 
The ratio of males to females in oiu senes ssas 2 2 1, sslule m Buike s'" senes the 
ratio was 2 1 There sseic 7 cases in which the pnmaij tumor shossed no 
metastascs, 19 showed metastascs Tnentyone cases of the incidental tumors 
foimd at antopsj slioncd no metastascs, 5 showed metastascs Two of the 
patients wcie iindei 50 leais ot age, 7 wcic hetueeii 50 and 59 tears 9 weio 
between 60 and 69 teais, and 7 weic o\ei 70 scats, an ateiagc of 63 3 jears 
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The youngest male ivas 50 3’ears, the oldest was 81 years, making an average 
of 66.0 years of age. The youngest female was 35 3"ears, the oldest was 14 
yeavh, making an average of 57.2 3’-ears of age. Tn Hanlon’s' serie.s, tlie averase 
age w’as 62.6; Owen’s-' cases, 62.1 3mars; and Hurt and Brodcrs’^' as low as 
50.4 years. The low age incidence given 113- Hurt and Broders, as compare! 
to the authors ’ and other reports, nia3- be because the material they studied was 
chiefl3'^ surgical specimens. The diagnosis of malignant tumors removed at opera- 
tion is usually made earlier than the tumors fomid in autoptic material. 

It is frequentl3- noted that neoplasms of older people are less malignant 
than those of younger persons, and it appears obvious that the one with tie 
slower growing tumor will live longer and thereby perhaps have a better chance 
of developing a second tumor. The above exiilanation ma3^ account for tlie 
frequent occurrence of mnltixde neoplasms in older people. 

If one can generalize from a single case cxamxole, it ma3^ be said that the 
first malignant tumor does not influence or predispose to the formation of a 
second one, as exemplified in Case 8, In this ease the first tumor w'as removetl 
b3’ radical operation, and four 3-ears later the patient succumbed to a second 
primary malignant tumor. There were no evidences of any recurrence of the 
first tumor. 


The frequeuc3’' wirich multiple primary malignant tumors are encoun- 
tered in the literature speaks against the possibi]it3’ of one tumor conferring 
an immunit3" townrd the development of a second independent neoplasm. 

The colon w'as involved in 14 eases, the stomach in 8, and the kidney m 
3. In 21 cases the gastrointestinal tract was the site of one of the tw'O malig- 
nant tumors. The kklne3' and colon were the most frequent combination ol 


organs to be affected. 

The diagnosis of multiple primary malignant tumors was consideie! 
clinical^ iir only orre ease. The second tumor was ahvays, with the exception 
of the aforementioned case, arr incidental finding. In man3’ of the cases tha 
symptoms produced h3- tire multiplieit3^ of tumors were corrfusing and in cac 1 
case the findings w^ere fitted together so as to conform with the diagnosis of a 
single malignant tumor, FrequerrtV the confusion of a group of unrelatcf 
symptoms will he clarified if one will keep in mind the possibilit3- that a patient 
ma3' he inflicted with two or more independent unrelated conditions, whetlicr 1 


he two primary malignant tumors or two infectious diseases. 

T'liis 

Onl3' 4 of the eases presented metastases from each of the twm trrroors. 
illustrates the dictum that in multiple primary malignancies each tumor nc 
not neeessaril3' produce its own t3y)e of metastasis in order to make a 
of mrrltiple primary neoplasms in the same individual. So often one 
trrmors is slow' gr-ow-ing, whereas the second produces extensive metastases 
death. In 6 of the cases, the tumors produced no metastases. Onb' one 0 
25 eases presented identical histologic changes in both primai^v tumors. 
corollary- tliat the microscopic appearance of the tumor irsually differs 
different organs are affected is of diagrrostie aid and for the most pa 
essential criterion, birt is not alwav-s applicable to all eases. In 20 of the e< 
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hero descnbeti, oigans of two diffoicnt systems noie tlie utts o£ piimaij mail" 
iiaiit tumor foiniatioii, lOiiIe lu two of them, thicp diffetcnt oigaiis woie the 
sites of maligiiaucj, 

It IS \cry appaiGiit that thcie aie no iinifoim steadfast laws that maj bo 
hid down to designate tlic diagnosis of ninUiple puniarj malignant tumors in 
the same induidual in all guon oases 

CONCIISION 

Twent's fi\c eases of multiple piimai\ malign int lumois selected fiom 1,411 
malignant tumois aie desezibcd, an incidence of 1 77 pei cent 

The incidence of multiple tuniois in suigieil specimens is much highei 
and IS gnen hetwoen 3 34 pci cent and 4 7 pei cent 

The colon was the site of one of the muUiplo tumois in 13 of the cases, 
01 52 pci cent, the colon and hidnev weic the most fiefjucnt conihination in 
\oh cd 

The a\eiage age was G3 3 jears Seientecu woie males and 8 wcie females 
Multiple malignant neoplasms as an incidental hndmg without anj im 
munity oi ducct iclationsliip of one fumoi foi anothei in the same indnidual, 
aie discussed 

Some nulniduals ina-\ be endowed with a longcnital, oi atipiiicd, piedisposi 
tioii towaid tumoi foimation Those factois ma' be considcud as explanation 
foi the picscneo of multiple piim«ai\ malignant tumois m tlic same mdnidual 

REFERENCES 

1 Billrotli, T Die Allgcmcioe Clnrurgie PntlioJogie u Thernpif^, Berlin Reimer, 1S89, 

V 908 

2 Fried, D SI Primtirr Double Csnccr, Aich Pitli 5 503 392S 

2 Muller, H F Uber multiple mcht-sjcte/notisierte Pnmue Circmome und ilirc H'lufigkeit, 
Ztschr f Krebsforsch 31 3 19, 1930 

4 Harrington, S "W Carcinoma of the Breast J Lancet 50 3 1930 

5 Han^eniann V Ztschr f Krebsfor«eJi 1 ISO, 1904 
G Redhch Quoted bj Eiving 

7 Hanlon F fi Multiple Frimar\ Carcinoma*; \m T Cancer 15 2003 3‘)''l 
S Puhr, L tlber die Multiplizit it dor Gcschwulstc Zt'sehr f Kreb'sforscli 24 38, 1926 
9 Egh Quoted by Murraa 

10 Murraj, J A Linacro Lecture on Multiple l^ew Growth'*, Lancet 2 800 1927 

11 Harbitz, F Quoted bj McNamara 

12 MtNamara, W L Multiple Tumors, J Lab 5, Cu\ Mn> 19 2« 0 3933 

13 Bosq, P Multiple Primary Tumors, Semnna Med 1 174S, 1D32 

14 Yamngiiva, K, Taukahra, S, and Monmoto b E-rpenroentelJe Studio uber die Anti 

Korperbildung gegen das rmpfkarzmom bei Mau'» Gann 21 3 1027 

15 Luehsiiiger, B Zur Kasuiatik dcr primure multiplen mahgnon Tumoren, Frankfurt 

Ztschr f Path 40 417, 1930 

10 Ball, B p and Keamolds, J A Multiple Pnniari Malignancies M J Eec 126 287, 
1927 

17 Jolkner, tV E t/ber Oleiclizeitiges 'Voikommen muUipler Ge^schnulste differenter Art, 

Arch f kbn Chir 155 142 1020 

18 Perrotte, G Multiple Turnor*' Morgagni 70 3880 1928 

P U inter, H Multiple Prinuire BJaatombildung Zt'^chr f kJin Med 122 627, 3932 

-0 White, G- s Double Primary Malignant Tumors of the Colon, Ann Surg 98 18G, 

3933 

2l Bargt-n, J A , and Rani m, F 'SY Multiple Caremomata of the Large Intestine, Ann 
Surg 91 5S3 1930 

— New, G B, and Children, J G lumors of the Tonsil and Pharjna, 357 Cases Arch 
Otolarjmg 14 699, 1931 



292 


THE JOURNAL OE LABORATORY AND CLINICAL MEDICINE 


23. Duschl, L.: Tiber Primare Multiplizitat von Gescb-wiilstenj Deutsche Ztschr. f. Chir. 

193: 77, 1925. 

24. Seecof, D. P.: Multiple Primary Alalignant Neoplasms, J. Cancer Eesearch 8 : 213, 1924, 

25. Peirson, E. L., Jr.: Bilateral Tumors of the Testicle, J. Drol. 28: 353, 1932. 

26. Hurt, H. H., and Broders, A. C.: Multiple Primary Malignant Neoplasms, J. Lab, 

& Clin. Med. 18: 765, 1933. 

27. Owen, L. J.: Multiple Malignant Neoplasms, J. A. M. A. 76: 1329, 1921. 

28. Ja£E6, E. H. : Sarcoma and Carcinoma of the Liver Following Cirrhosis, Arch. Int. Med. 

33: 330, 1924. 

29. Benner, M. J. : Primary Malignant Tumors of the Ureter, Surg., Gynec. & Obst. 52: 703, 

1931. 

30. Goetze, O.: Bemerkungen iiber Multiplizitat primarer Carcinome, Ztschr. f. Krcls- 

forsch. 13: 281, 1913. 

31. Wooley, P. G. : Notes on Multiple Primary Tumors, Boston M. & S. J. 148: 1, 1903. 

32. Ewing, J.: Neoplastic Disease, ed. 3, Philadelphia, 1928, W. B. Saunders Co., p. 30, 

33. Boveri, T.: Zur Prage der Entstehung Maligner Tumoren, Jena, 1914. 

34. Preisz, H.: Ueber die Entstehung der Neubildungen im Anschluss an eine Analogic, 

Ztschr. f. arztl. Fortbild. 19: 174, 1922. 

35. Albrecht, H.: tiber das Earzinosarkom des Uterus, Frankfurt. Ztschr. f. Path. 2: 191, 

1908. 

36. Winiwarter, O.: Beitr. z. Statistik d. Karzinonie, Stuttgart, 1878. 

37. Hauser, D. A.: Quoted by Ewing. 

38. Ehrlich, P., and Apolaut, H.: Beobachtungen iiber Maligne Mausetumoren, Berl. Win. 

Wchnschr. 72: 871, 1905. 

39. Eibbert, H.: Das Carcinom des Menschen, Bonn, 1911, p. 367. 

40. Orr, J. W.: Multiple Malignant Neoplasms, J. Path. & Bact. 33: 283, 1930. 

41. Warren, S., and Gates, O. : Multiple Primar 3 ' Malignant Tumors, Am. J. Cancer 16: 

1358, 1932. 

42. Burke, M.: Multiple Primary Cancers, Am. J. Cancer 27: 316, 1936. 



LABORATORY METHODS 


TIID QUANTITATIVE UNRELEVBILITY OF THE NITROPRUSSIDE TEST 
FOR SH AND S S * 


Fredericks IIaaimftt, Pii D , and Sidne\ S Chap-man, BS, 
North Truro Hiss 


T he nitiopiiissido reaction is \udelj used foi tlic coloiinietiic deinonstiation 
and estimation of sulfli 3 dril { SH) and disulfide ( SS ) in tissues and the 
products of their actnities 

The test as iisiiallj applied consists of first satiiiating an appiopiiate qiian 
titj of suhstanco oi solution iiith ciistalline animoninm sulfate, then niahing 
it alkaliiio iiith one oi tiio diops of eonccntiated 27 29 pei cent amnioiiiuiii 
hjdroNide, and flnallj adding one oi two drops of 5 pei cent sodium intro 
piussidc solution In the piesence of SH a fleeting pinh to piiiplish led coloi 
del clops 

The coloi IS not giion bv S S This must fiist be lediiced to SH Tins 
IS done bj’ CNposuig the material to tiio or thico diops of 5 per cent potassium 
cjaiiido 01 sodium ejanide foi ten minutes, aftci iilnch tlio ahoie desoiibed 
pioceduio is emploied 

Cleaily such diieotions admit of mam laiiations It is hut iiatuial, theie 
foie, that the test has not been quantitatiiclj satisfactorj Although the com 
pounds iiliicli give a like coloi and those ivhieli intcifere iiith color dcielopment 
aio leij iiell knoini,' ’ iihat effects, if am, the reagents themselies mai haie on 
laintioiis in coloi change and intcnsitj bale jet to be established 

Obiionslj no leliable quantitatiic method can be deiised until these aie 
knonn Noi can suretj bo had even of tlic lelatiielj simple qiialitatiie le 
action For although a positive reaction can faiilj safelj be taken as evidence 
of the piesence of the sought foi groups a negative leactioii at boi del line eoii 
centrations might conceivablj be as much due to inhibition from the improper 
use of some icagent as to the absence of reacting sulfui compounds 

These piinciplcs make desirable an inquiij’ into the effects of the reagents 
of the nitropiiisside test on its reaction vvitli SH and S S Such is here re 
poited 

As test matciial we used fiom 05cc tolec of appiONimatelj M/10,000 
cysteine, cjstinc, glutathione, and pthiocicsol These were especiallj piiiified 
for Us bj the Chemical Division of the Lankenau Hospital Reseaich Institute 

•From the Marine Experimental Station of tlic Lankenau Hospital Research Institute 
pvorth Truro Mass 

Received for publication Januarj 21 1938 
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Standard procedure was to keep all reagents except one constant and then 
observe Die changes in intensity and duration of color witli changes of the 
variant in order of use and concentration. The results arc as follows: 

Sodium Nitvo 2 )russide: This is the ehromogenie compound. As such it is 
incomplete. Without alkalinization it produces no sure color. The chromogc- 
nieity resides in some chemical grouping produced bj' the action of hydroxyl ion. 
The nature of this is as yet nnknoini. 


The nitroprusside is usually used in 5 per cent water solution. This has a 
high color. When the -SlI concentration is low (circa M/100^000 to iMy200,000) 
so that the pink color is faint, the tint is obscured and even obliterated by the 
tint of the reagent. We have found a 1 per cent solution does awaj’^ with this 
difficiDty. It also is adequate for full color development with -SH, 

The nitroprusside solution turns green in warm bright sunlight, he this 
direct or indirect. This, of course, niaslcs the reaction rvith -SH. The addition 
of 0.1 c.e. concentrated ammonium hydroxide to each 10 c.c. prevents the de- 
composition. Although the addition of ammonium hydroxide is advocated by 
Giroud and Bulliard^ as routine, we prefer plain water solution because am- 
mouiated nitroprusside changes color on standing. This is evidence of undesited 
change in chemical character of the reagent. 

It is emphasized that only freshlj' prepared nitroprusside solutions should 
be used. New solutions should be made up at least every hour when the assay 
is protracted. 

Ammonivm Hydroxide: Although anunouium hydroxide is the customary 
alkaline reagent, it seemed worth while to determine if the effect js attributahle 
to OH ion and if NH^ ion participates. 

To this end, from 0.10 c.c. to 0.25 e.c. of M/10 sodium hydroxide, 
sodium e.vauide, fd/oO lithium carbonate, and i\I/15 disodium 2 oho.sphate were 
severally substituted for the concentrated ammonium hydroxide. Color was 
produced in all cases. Tliis .shows that OH ion makes sodium nitroprusside 
ehromogenie for -SH. 

In running the trials it was found that the color character differed ivith 
the cation. Thus -while NH^ ions gave their characteristic pink, Na ions' ga'e 
a reddish purple, and Li ions a distinct trend to orange and yello^Y. It is 
that the NH^ ion as such is a factor in the detei’mination of the kind of color 
produced in the test. 

The fact that other cations give other tints is important in any attempk^ 
quantitative use of the test. An unadjnstable mixture of cations in the tissue 
or solution being tested could give colors which arc unmatchable with that pro- 
duced by ammonium hydx’oxide with a standard. 


Studies -were made of increasing ammoniinn liydroxide concentration to see 
if color intensity is related thereto. It was found that as ammonium hydroxi 
increased from 1.6 to 4.0 i\I the color also ineimsed ; but tliat from 8.0 M on. 
color tended to fade out. Similar changes occurred in similar trials with ' 
oDior on ion sources. Clearly there is an optimum concentration for maxima'” 
color production. While this can be determined for pui’e solutions, its es a 
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lishraciit m tissues mul tliiii csfiacts is iinsuic On tins basis alone the coloii- 
mchio estimation ol SIX in Iiiologie niateiial in teinis ot a standaid solution is at 
best but an apinOMiiiation 

DisDilniin pliospliafe soliitimis paituiilailj tliose nliiili liase stood loi some 
time, act to inhibit coloi dcselopniciit , cicn though the pll is that to be espeeted 
foi the Jt/15 coiicenfiation (mf , 80+) Tins suggestion of phosphate intci 
ference has been borne out in Moik with loot tip estiaets Hcie it was found 
that ostracts buffered uitli 01 cc phosplialc niistuie to 1 5 c c solution ga\o 
much less coloi than iinbiifteicd coiitiols It \ias not the buffciing poi so nhieh 
Has responsible, since citiatc biiffcicd cstraels shoned no such uihibition It 
IS evident that accurate qiiantitatne estimation of SEE bj mtropiiisside in the 
piesence of any consideiahle amount of phosphates is impossible Phosphate 
biiffeis should he avoided in aiij noih uhere SII is to he dotcimincd by nitio 
prusside 

The chromogciiic piopeiti of Na intiopiiissidc nith SII is dependent upon 
OH ion action The most contiollable souici seiiiis to bt ammonium hjdioMde, 
piobatilj because of its lou pK (1 S by 10 ) This is impoitant since develop 
meat of color intensity is affected by the amount of (HI ion piesent 

^aimoimon Snlfale When tins salt is added to the mtiopriisside, am 
momum hydio\ido, -SH miNtuic the coloi is intensified The intensification 
incieascs with ineieaso iii salt coiiecntiation up to satuiation Contiol of this 
factor rests in being suic that satuiation is attained Tiie piactico of adding 
saturated solutions is iiindequate The solid salt must be used — not its solution — > 
and there must be an e\eess theicof Since the white of the ciystals acts to 
dilute the pink of the positive test, balance must be had between satuiation 
and excess salt This can be determined in each ease Considerable latitude 
IS allowable Ammonuiin sulfate, tlieicfoic, ot all the icagents used in the nitro 
prusside tost is the one about wliicli the least anxiety need be felt as a disturb 
mg factor in semiqiiaiitilativ e assay s 

The coloi pioduced fades lapidly It would seem logical in attempting 
quantitatixe woik to add the intensifying leagcnt last lather than fiist in older 
that Its effect mav not he dimraislied by the inteival between beginning and end 
mg of reagent intioduction This has been home out by expeiience We, there 
fore, add solid ammonium sulfate aftei ammonium hydroxide and sodium nitio 
prusside and yust befoic compaiison of test with standard 

How ammonium sulfate acts is unknown Since it enhances coloi m 
tensity with puio compounds in solution, it must participate directly in the 
ehromogenic reaction In this connection, when sulfate is added to 0 5 e e of 
an ammonium hydroxide, nitropiiissidc, SH mixture on a spot plate, it is pos 
sihlo to actually sec color coiicentiating on each little crystal This is not ad 
voiption, hut localized cliemieal leaction, since simple Stirling disseminates the 
color thioughout the mixture 

In view of the fact that denatmalion of proteins may act to libeiafc SH 
gioiips,^ and in view of the fact that ammonium sulfate is a yiiotcin piceipitant, 
it might he that some of the enhancing effect in tissue and tissue extracts is de 
rived from denaturation action as well as from direct influence of the compound 
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on the test as such. li this is so, opportunity for variable results arises fioni 
the possibility that variations in kind and initial state of protein might be fac- 
tors conditioning the amount of denaturation and hence the niimiier of -SlI 
groups liiierated thereliy. The matter deserves exploration. 

Zinc Acciate: ywift fading of color produced in the nitroprussklc reaction 
with -SH is a liar to exact work. Giroud and Bulliard'* have proposed the iKe 
of 10 per cent zinc acetate as a color fixative, and results tlierewith have been 
reported.^'® The compound does act to prolong the duration of color and to fe 
it in tissues. But — and this is important — it also acts to decrease color in- 
tensity. Thus, when 0.1 c.e. of a 1 per cent solution of zinc acetate is added to 
1.0 c.e. of a solution containing M/10,000 of anj' of the -SH carrying coinponmls 
used here — and the nitroprusside test is applied as hereinafter described— tlie 
color developed is never of the same order of magnitude as that of a control 
of the same initial -SH concentration (without acetate) . Instead it is always 
much less, from 50 to 75 per cent mostly, sometimes even more. The reaction is 
not helped by varyhig the concentrations of the reagents. 

This same inhibition of color intensity production occurs in tissue work. 
The color which is produced in tissue treated with zinc acetate and then well 
rinsed is never as good as that produced in similar tissue not treated ; and what 
is more, color is foiuid much more widely distributed in tissue not treated with 
acetate than in tissue exposed thereto. Thus, although a positive reaction ni 
tissues treated with zinc acetate may indicate the presence of -SH therein, the 
absence of a positive reaction is no proof -SH is not there. In other words, 
preliminary treatment of tissues with zinc acetate may prevent demonstration of 
the true distribution of -SH therein by nitroprusside. It follows that despite 
the fact that duration of color is prolonged and color is fixed in the nitroprusside 
test for -SH by zinc acetate, its inliibitive and uncertain action on color intensity 
makes its use unsafe, either in rpialitative demonstration or attempt at ciuaiiti- 
tative estimation. 

Cyanide: Sodium Potassium: This reagent is supposed to show the pies- 
ence of -S.S-. It is used to reduce disulfide to sulfhydryl which is then demon- 
strated by nitroprusside. The assumption is made that the total -SH after re- 
duction is the sum of the -SH present before reduction and that derived from 
-S.S- by cyanide action. 

A negative reaction before and a positive reaction after cyanide is endene^ 
that -S.S- is present and -SH absent. An increase in color intensity after 
cy'anide, as contrasted with that given before, is sugge.stive but not conchisiw 
as to the presence of -S.S-, unless the difference is large. For when the -S 
concentration is low it is essentially impossible to discover whether the w 
tensification derives from reduced -S.S- or from the high alkalinity of the di'- 
sociated cyanide. It sometunes happens that the color after reduction is 
than that given before. It follow.s that the total -SH after reduction ma.v ij® 
be the sum of the initial -SH and that derived from reduction of ? 
cyanide reduction. Indeed, in such cases, it is the .sum of what initial -SI ’ 
left after standing in the highly allraline cymnide medium and that formed f 
-S.S- reduction which has escaped destruction by the alkali. It might be 
stated that -SH is destroyed on standing in highly alkaline solutions. iFe Im'^ 
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found moic tlmii once (liat nlicieas a lool tip e\ti,ict would sliow Jl/20,000 Iite 
SH, the coloi ptodnccd affci e.i\ iniimtcs lediu tion would show oiih M/100,000 
In such cases it is inipossihlc to tell it SS is pitsciit Tins distiois all eon 
fidcnce in am lepnled laliic of SS dokimmations b\ nitiopiusside aftei 
ejanido icduetioii All the method is itood lot is to sometimes establish the 
piDsence of -S S , but this with smeti onli whin iithii no luc MI is picsenf 
01 when the latio disnlfide/fice SII is hi"!! 

It should now bo evident that qtnutilatiie isaititiidi is impossible of at 
tiimnicnt in the coloiiinetiie estiiiialioii ot SII iia nitiopuissidc On the othei 
hand, a not too satisfaeton appiOMin.ilion ot the ouht of maKnitnde of fiec 
SH in solution can he had thciewith it suit ihle pin iiifions and patience aio 
c\ercised 

Tims theie is fust inopiitd a II 1000 eisliim slmh solution I lom this a 
suitable ian',:e of staiiduds (epr, Jf/IOOflO to 11 100 000) is piopatid hi ddu 
timi A shoit sciics is set nji ot t ee aiiioinils in small tost tiihcs Then 1 ee of 
the solution to he tested, diluted tissue c\tiaet oi juiro is put into a similar test 
tube To each tube is added 0 1 ee 27 to 29 pel cent amnionnim hi dioxide and 
Of ee 1 pot cent sodium nitiopiusside Aftei Inuf shakiin; to cnsino niising 
there is lapidli added to each lube 0 3 gm eiistallinc ammonium sulfate with 
<Hucls shaking, and the test nnxtuie is hastili matehed w ith two stnndaids to find 
nhich it is gioatei and winch it is less than The piocediui is lepcated with 
nanowmg standaid limits until the test lange is established With piaetiii 
and expeiionoo it has hocn possible to tell whethci test is closti to JI/10 000 than 
to M/11,000, to M/30,000 than to M/32 000 to JI 100 000 than to M/110,000, 
to M/200,000 than to M/230,000 That is to sn witli rpnek woik ono can place 
the flee SII concentiatioii in such mateiial within 3 pii cent of its detect 
able aaliie in all evept the len low iiiiiits ol aisible iniition 

Although this leads well and although the tiained ohsenci can get even 
hottei than 5 pei cent placing with “pure solutions” of SH eanying com 
pounds, it must not he foi gotten that tissue extiacts and othei snnilai ma 
feiials maj contain manj substances the action of which on the leagents and 
on SH Itself is unknown The estimation is at its best hut an approxima 
tion But as an appi oximation it has its uses 

Absolute values for free SII in fiesh tissue slices are nnohtainable All 
that can he seemed is an appiOMination of the relatiic eoneentiations in dif 
ferent paits of one and the same slice 01 legion being looked at while the test 
IS being applied A useful piocedute foi gioss w 01 k is to coi ei the tissue with 
0 25 ee watei , add 0 03 cc 27 to 29 per cent ainmoninm In dioxide and 0 05 
cc 1 per cent sodium niti oprussidc and then underline tlie tissue with 023 
gm erjstalline ammonium sulfate Toi studr under high powei the amounts 
and the teelmique must he sailed to suit the need The oidei of intioduetion ot 
the reagents info the test should howevei he pist as deseiihcd 

smni inx ixn co’cer usioxs 

In iitio cxpeiiments made with the leageiits of the mtiopuisside test and 
highlj purified SH jielding compounds show tliat each icagont offei-s laiiabilitv 
factors With these stabilized the test has a limited use in demonstrating the 


298 


THE JOXJRKAE OP LiBORiTOKY ANO GLINICAB MEDICmE 


presence of -SH and ^S-S- under certain definite restrictions irfiieli are described 
in tlie text. It gives a useful approximation for free -SH. It lias no quanti- 
tative value for -S.S- determination in ejanide-reduced material. It ias m 
quantitative value, absolute or relative, in the presence of zinc acetate. 
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RELIABILITY OP THE AGGLUTINATION TEST FOR UNDULANT 

PEVER"- 


With Special RiiiucHExcE to Brucella Agglutinins in Tuberculous 

Individuals 


lIouARD J. Shaughnessy, Pk.H., Chicago, Iia.., and 
Thomas C. Grubb, Ph.D., Baltimore, Md. 


D iagnostic agglutination tests for undulant fever may be interpreted in 
several ivays, since a positive test may indicate an active, latent, or paA 
brucella infection, or a nonspecific I’eaction resulting from the presence oi 
other infectious diseases.^' - Amoia® has recently demonstrated experimentalif 
that the ananuiestic phenomenon may account for the finding of hriicelia ag- 
glutinins in the presence of other infectious diseases. 

According to Topley and Wilson^ the sera of normal persons may 
tain brucella agglutinins in a titer of from 1 ;50 to 1 -.100, though the status o ® 
“noi-maP’ person regarding exposure to brucella infections is rather precarw® 
in view of the now well-recognized widespread incidence of Bang's disease, 
reports of Carpentei’, Boak, and Chapman,® Evans® and Scoville'^ 
that a negative brucella agglutination test by no means excludes the possi i • 
of even an active brucella infection. To add to the confusion, vai'ious vro 
ers are not agreed upon the agglutination titer which should be consiaere ^ 
diagnostic significance." Lack of uniform technique in performing the agg u 
tion test is probably responsible for this disagreement upon what cons i 
a significant diagnostic titer,® 

•From the Division of Laboratories, Illinois State Department of Public Health. 
Illinois, and the University of Marjdand School of Pharmacy. 

Becelved for publication, March 14, 1938, 
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It IS thus appaicnt tlial the cluneal significance of flic results of a biucella 
agglutination lest is cquuocal Tins is paiticiilailj unfoitunate, since the pro 
lean sj-niptoms of undulant fcici may be easilj confused with those of many 
otliei infections febiile diseases” and in mam eases the plnsician is foiced 
to depend cntiich upon a laboratoij test, usuallj the agglutination tost, for the 
final diagnosis 

Our attention uas fiist diaiMi to the pioblcm of the icliabihtj of the agglu 
tniatiou test foi undulant icsci •■ome tunc aaro uhen it nas found that a small 
pcicentage of blood samples sent to the state health depaitment laboiatoiies from 
a imiineipal tubeiculosis sanatoiiuin* (Oiilaincd biucella agglutniinst in a high 
titer Since, so far as ne arc auate no stiidj had been made in this country of 
the possibilit} of falsch positnc Iniioclla agglutination tests being obtained iiith 
the seia of tubeieulous indiMdnals, it \ias decided to nucsfigate this pioblem 
The method emplojod in this noik ga\c ns iiifoimation legaidiiig the geneial 
leliabiiiti of both the positne and mgalne hiinella agglutination tests, as Hell 
as data on the ptesenee of hincclla aggiutmins in tubeieulous sera 

SlfcTHOD OF STODV 

Fiom I'lJO to I'lda iiositnc hmcella agglutin ition tests Hue obtained with 
the sei.i of lOo patients submitted to tlic mam laboiatoiies of the Division of 
Laboiatoiies of the Illinois Depaitment of Pnbin Health It was beliesed that 
if the iiumbct ol patients uho had aii\ (udemc ot InhnLiilosis and no simp 
toms of nndnlant lei ci could be dctei iiiiiied tlie possible sei ologie i clatioiisliip 
of these tno diseases oi the piescnce of nonspecific agglutinins might be de- 
tected Acooidiiigh, a caiefulh voided qiiestionnaiie vas sent to all physi 
ciaiis Hho had submitted blood samples gicing a positive biucella agglutination 
test during this five) ear period Tlie iiifoiniation reipiested in tins question 
iiaiie Has as follons 

Patient 's name, age, sea and race 

Occupation at the time the positiic agglutmatioa test was obtained 

Pinal clinical diagnosis — nas jt undulant fc\cr? (Answer yes or no ) 

Did the patient have tj-pho/d fe\cr, paratyphoid fc'er, tuberculosis^ or tularemia si\ 
months before or after the positwc brucella agglutination tost was found? 

It lull tie noted that tte hate puiposclt included seteial diseases othei than 
tnbciculosis 111 the last question, so that the clmieian nould gam no clue as to 
tile puipose of this qiiestionnaue Infoimation uas obtained eoneeinmg 327 
oi the 405 patients, the remaining number bemg unaccounted for thiough death 
of the physician, faihire to make a cbmeal foiiou up, or failure to leturn the 

questionnaire 

Hehahthty of the Fosihve Uiidulant Peter AggluitnaUon Test — The m 
formation obtained fiom the returned qucstionnaues is summarized m Table I 

^ ’We are indebted to Dr M Poliak Medical Director of the Peoiia Municipal Tuberculosis 
SinalorJnm for sendin-’- us blood samples and data on the ph>sical fimUngs ami diagnosis of 
the patients 

. tFor the purpose of this report wc have assumed that onj serum -which produces a positive 
brucella agglutination test contains brucella agglutinins though we realize that this Is not 
necessarily true for agglutination of the brucella antigen may take place m the absence of 
spechlc brucella agglutinins 
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Table I 

COKRELATIOA' OF CLIXICAL DIAGNOSIS AViTH RESULTS OF THE POSITIVE AGGLUTINATION TesT' 


Per c«i! 

No, of patients -nitli a positive agglutination test .127 

Positi%'e agglutination test confirmed by clinical findings 20G S1.34 

No. of patients in whom the diagnosis of undulant fever was uncertain 13 3.97 

Positive agglutination test not confirmed bj' clinical findings IG 4.S9 

Positive agglutination in patients with typhoid fever 4 1.22 

Positive agglutination in patients with tuberculosis 25 7.(51 

Positive agglutination in uncertain eases of tuberculosis 3 0.90 

Po.sitive agglutination in patients with paratyphoid fever 0 

Positive agglutination in patients with tularemia 0 


‘In this paper only agglutination tests wHli <t titer of 1:160 or above are included. How- 
ever, it is our policy to'report to the physician a titer of 1:80 as a “doubtful positive" and re- 
quest another specimen. Tests witli titers below 1 :g0 are reported as "negative.” 


Tlie table indicates that in slightly over 80 per cent of the cases the clinical 
diagnosis agreed with the results of the agglutination test. If the physician 
was uncertain about the diagnosis, he was asked to indicate this fact in the ques- 
tionnaire. As the table shows, the diagnosis ivas uncertain in about 4 per cent 
of the brucella cases and in 0.90 per cent of the tuberculosis cases. The numher 
of these uncertain diagnoses is not large enough to affect any general conclu- 
sions wliich may be drauTi from the data. 


It should he especiallj' noted that the sern of 25 tuberculous inclivichiah, 
all from the above-mentioned tuberculosis sanatorium, gai^e po.sitive hriicdla 
agglutination tests, the titers ranging from 1:160 to 1:2560. The possibility 
that these positive tests were false or nonspecific results ivill be discussed in 
one of the foUoinng sections. If we assume for the moment that these tnheren- 
lous patients also had unrecognized, latent, or past eases of undulant fever, then 
the reliability of the positive agglutination test becomes 88.50 per cent; if 
omit these 21 eases altogether, then the reliability of the positive test becomes 
88.98 per cent. 

Since the original report of Francis and Evans, it is usually stated m 
the literature that there may be a cross agglutination between brucella au 
tularemia agglutinins. It is, therefore, of intere.st to note tliat of the 32 1 seva 
containing brucella agglutinins, not one was reported to have come from a pa- 
tient Avith tularemia, although from 130 to 150 cases of tularemia are reporta 
in this state aiuniall}’. Onty a negligible percentage of persons with typaoi 
fever and none with paratyphoid fever gave a positive brucella agglutination 
test. The numher of persons having a positive brucella agglutination test, 
were reported definitely not to hai-e had hrncellosis, was 16, or 4.89 pd 
of the total munher of eases. It appears, therefore, from our data, that a P®^’ 
tive brucella agglutination test may" be relied upon to indicate clinical unun 
fever in about 81 per cent of the case.s; if there is no suspicion of tuhercuo 
a positive test is reliable in about 89 per cent of the cases- ^ 

Hcliahiliiy of the Negative Agghdination Test . — Since it is obviousb 
equal clinical importance to Itnow the reliability’’ of the negative as well 
itive agglutination test for undulant fever, we prepared a suitable questiowmi^^ 
to obtain information regarding the clinical diagnosis of patients wlio.se seiR e‘ 
a negative agglutination test. This questionnaire, requesting the io\e 
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infoniidtion, was sent to all j^hysicmiis uho luul siibnuttod, tluring the past six 
moutiis, sera giving a negative bnicelJa agglutination test. 

Patient's iKUnc, age, niul hcs. 

Tinal clinical <liagno<?)‘?. 

Wien no diagno'ijs was inaile, i\tij of Iho follawiug signs or ■.j’mptonw ttiat tho patient 
had were to be checked. 

Fcicr (continuous or interniiltent), weaXnoss, pams (location), sweating, chilli, lo'^s of 
weight or appetite, nervousness, eon<ilipation. 

Additional mfornmtiou supplementing the aJmve data wai aI'»o ‘sohuted. 


Tiie piu’posD of tills <iucstionnaiic iias to defoimmc the corielation between 
the negative agglutination test and the chnieal diagnosis In those cases where 
the diagnosis w.ns uncertain, it nas hoped that In checking any of tlie most fre- 
quently observed signs or symptoms listed b> Ilardv and co-workers'* we might 
be able to detect an unsuspected case of undidant fc\er Information regard- 
ing the clinical diagnosis of 3hS patients was obtained and is summarized in 
Table 11. 

Table II 


CorpEL \Tiov OF CUiVicvL DiAflsosis With Rf-urs or rnr NToirnE AaoLuns'mov Trsr 


fto ot patients with a negatue agglutination te-t ^558 

Negative agglutination test confirmed by clinieal findings 2S1 (S6 3 per cent) 

Negative ngglutination tost in patients with n eimieal diagno'>u9 of 
unduiant fever 

n. Sera obtained less than two weehs after on«(’t 3 

b. Sera obtained later than two ueel.*. after on^ot 5 

c. Date of onset not given 


No, of patients without a definite chnicaJ diagnoM'* but with sruiptonn 
suggestive of undulant fever _ 


ID ( 5.8 per cent) 
gfi ( S 0 per cent) 


Om* results indicate that in at least S6 per cent of the cases a negative ag- 
ghitinatioii test substantiated the physician’s diagnosis In 5 8 per cent of the 
cases tile physician stated tliat the patient liad undulant fever. It will be noted, 
however, that in at least three of these eases the blood .sample was submitted 
before agglutinins might have had time to develop. It is also probable that this 
time factor was not considered in some of tlic eases where no date of onset was 
recorded by the physician. Some 80 per cent of the patients, for whom the 
physician could give no definite diagnosis, had symptoms suggestive of undulant 
fev'er, but wo naturally hesitate to hazard a guess as to how many of these pa- 
tients weic actually suffering from ehiiical undulant fever. From a general con- 
sideration of the requested and snppiementaiy iiifoiniation obtained from these 
questionnaires, and from our own previous experience, we feel tlmf in our hands 
the negative agglutination test for undulant fever ivill agree with the clinical 
diagnosis in at least 90 per cent of the cases. 

Cross Affglictinations —The serologist performing diagnostic tests is ever 
mindful of the possibility of cross agglutinations as a source of false positive 
tests. We considered it of moie than academic interest to analyze our data for 
the x^urpose of determining just hmv seriously cross agglutinations affect the re- 
liability of the brueclla agglutination test Our laboratory records show that 
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out of the 314 sera submitted for tjTrhoid and brucella agglutination tests, 5, or 
1.6 per cent, of the sera gave cro.ss reactions. Out of 394 sera submitted for 
brucella and B. protais X19 agglutination tests, 13, or 3.3 per cent, shoived 
cross agglutinations. Of tlic 71 sera examined for paratyphoid A and hnicdla 
agglutinins, 74 for paratyphoid B and brucella agglutinins, or 14 for tularemia ' 
and brucella agglutinins, no cross agglutinations were observed. Tims, out of 
the 867 sera examined for brucella and other agglutinins onh^ IS, or appro.r- 
imately 2 per cent, showed cross agglutinations. It should be emphasized that 
even these so-called cross agglutinations might have been true agglutinations due 
to the presence of past, latent, or active brucella infections in patients u'ith 
typhoid, paratyphoid fever, etc. In practice where such cross agglutinations 
occur it is frequentlj’’ necessary to examine several samples from the patient 
befoi’e determining which agglutinins are of diagnostic significance. 

Before discussing the significance of a positive brucella agglutination test 
in tuberculous individuals, we believe it is important to outline briefly tlie 
teclinique of the brucella agglutination te.st performed in our laboratories during 
the period covered by this study. 


TECHNIQUE OF AGGLUTINATION TEST 

A polj-valent antigen of 3 brucella strains (JS. ahorins No. 45C and JB. meUfensis Jio. 
428 from the National Institute of Iloalth; S. mclitensis No. 304 and S. alortus No. 229 fro® 
the University of Illinois; B. suis No. 71 from the University of Chicago) is prepared h.t 
growing these strains separately on Difeo liver infusion agar for forty-eight hours at 37° C. 
The growth of each strain is waslied off the slants with O.SS per cent sodium chloride, and 
the turbidity of each suspension is standardized to conform witli a No. 3 McFarland banti® 
sulfate nephelomefer. Equal parts of each suspension are then mixed and enough fominh'n 
added to give a final concentration of 0.05 per cent. In performing the test, 0.25 c.c. of the 
antigen is added to 0.25 c.c. of tlio diluted serum (final serum dilutions of 1:40 to 1:1-3^ 
are routinely used) in each agglutination tube, and the lubes then incubated four hours m 
a 37° C. water bath. Tlie tubes are next removed from tlio water bath and placed in d'® 
37° C. incubator for eighteen to twenty-four hours before reading the tests. All of fho 
glutination tests reported in tliis paper were performed by one individual. 


Since the finding of falsely positive brncella agglutination lests has fre- 
quently been attributed to the use of strains containing a rough antigen! 
tested the thermoagglutination of all of our strains according to Burnet’s'- 
technique. None of the strains used in our brucella agglutination tests showed 
any evidence of thermoagglutination, which is usually interpreted as indicating 
the absence of rough antigen. Although it seems to he now generally agree 
that “no advantage is obtained through the use of separate or combined an 
tigens” (Huddleson*®) and that an antigen made of B. abortus is satislac 
tory for detecting agglutinins produced by all three species of brucella, ^ 
have continued to use the polyvalent antigen since it has given us such satis a 
tory results. In this connection it maj’- he of interest to note that in a 
publication by Higginbotham and Heathman^^ they state that “The resu 
support the contention that a polyvalent antigen including some local strau^ 
should be employed in the routine serological examination for undulant fever. 
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Bill CFLI \. UHEUrININS IN TUBIRCUIOUS INDIMDUILS 

So hit .IS HO JviloH, llicte Ii.is lieeii no spcoi/ic stiiclj iii.icJc m (Jus coiiiitij to 
dctummc tlic possiliilitj ot fineliii" J ilseb jiositnt oi iioiispetific biiicellii ag 
gliifiiiins in the set a o£ tiihcic.iiIous poisons In tho iccent lepoit oi Stone ant] 
Bogen''^ eonceining the nicidcnee oI imdulant fcici m thiee tubeiculosis san 
.itoiiums, it Has taeitls assumed that a positnc agglutination test in the tubei 
culoiis inmates indicated an actne, latent, oi past biiicclla infection If the 
possibilitj of nonspecific agglutinations had been considcied in then Hoih, the 
discrepancies betHocii the skin tests and the agglutimtion tests, .and the ap 
paicnth lapid disappcaiancc of biiieella agglutinins might not hate been so 
puzzling 

Within icccnt jeais sovoial Italian Horkcis hate studied the incidence of 
brucella agglutinins m the seia of tubeieiilous poisons Magliulo'” found ag 
gintmiiis toi 11 mchlciisis and 11 paiiiinclilt if.f. iii the sen of 30 of the 60 
patients esamined He concluded that these lesiilts neie esplaincd bj the fact 
tlidt tile tubei ele bacillus and B mcbtcnsis and B pm amelitensis contained a 
coiniiion gioiip antigen The laliditj of jtlagliiilo s conclusions is questionable, 
since he did not test his brucella stiains foi the piesence of a rough antigen, 
and sera fiom manj patients nitli nontuberculoiis diseases, such as endocaiditis, 
psoriasis, puorpoial lev ei, s\ pliihs, caicmoma, etc , also agglutinated B mchfen 
Its lit titers of 1 100 to 1 150 Sanfilippo” esamined the scia of 132 tiiberetilous 
patients to detect agglutinins for B mcMcnsts and B paramchfensts The 
nieliteiisis strains hoio agglutinated oiilj bj the scia of tno patients not shoH 
ing clinical brucellosis, but main of the scia contained agglutinins for B para 
mehtcnsis One of the paramelitensis strains Has .agglutinated by 33 of the seia, 
anothei hi 76, anothoi bj SO and the foiiith strain nas agghituiated bj 103 of 
the 132 seia On the other hand, Moiellini*® did not find an} agglutinins for 
B mehtensis or B ahoitns in the seia of 60 open cases of tubeiculosis He be 
heved that the positne lesults obtained b} otheis neie duo to the use of old 
'strains foi antigens or that theio HCie dual infections of tubeiculosis and un 
dulant fever 

The lelationship betneen brucella and tubei culous infections Has studied 
bi Sarnowieo'” thiougli the use of the .allcigic reaction in guinea pigs, cattle, 
.and human beings Ho found that tuberculous animals fieqiienti} gave a 
positive reaction to abortin, but animals infected Hitli B aboitus reacted slightlv, 
or not at all, to tuberculin 

The meagei and conflicting literatuie on the problem of brucella agglutinins 
m tuberculous persons does not peimit anv general conclusions to be drawn 
at the present time It is hoped, how ever, that this leport will offer additional 
information and stimulate fuitlier imestigatioii of the pioblem in this country 

Betvieeii 1930 and 1935 oiii laboiatoiics peifoiraed bincella agghitina 
tion tests on blood samples from appro\iraately 650 patients shortly after the} 
were admitted to the municipal tuberculosis sanatoiiiim previousl} referred to 
No brucella agglutinins Here found m 629, or 96 pel cent, of these seia The 
majority of the 25 patients whose seia gave a positive agglutimtion test on the 
first exammation, gave an entuely negative result nhen their sera was retested 
after a shoit interval For example, one patient’s serum showed a titer of 
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1:2560 on the first test, and four days later no brucella agglutinins could k 
demonstrated in the serum of this same iiatient. Another patient liad a titer 
of 1:1280 on the first test, and seven days later the test was completely neg- 
ative. Tliese puzzling results were obtained des^iitc meticulous care to maintain 
a uniform technique through the use of tlie same antigen, dilutions, incubation, 
etc. It was noted that in the majority of these agglutinations with tuberculous 
sera, the agglutination was of the finely’' granular type. 

In order to determine whether or not we would obtam similar results from 
another tuberculosis sanatorium, samples of blood were obtained from 102 pa- 
tients at the Chicago hlunicipal Tuberculosis Sanatorium.'^' Approximately 9 
per cent of these sera gaA’e positive brucella agglutination te.sts; and the ma- 
jority of these sera showed a much loAver titer or were completely negative 
when retested seven to ten days later. Eight of the patients whose sera gave a 
positive brucella agglutination test and 14 patients whose sera gav’e a negative 
test were given an intradermal injection of “Brucin.'’t None of these pa- 
tients showed a positive skin test. We also obtained sera from 28 patients in 
another county tuberculosis sanatorium, but none of these gave a positive ag- 
glutination test.j; 

The milk used at the Peoria institution was cert ified raw milk. The ag- 
glutination tests, however, were pex'formed vuthin a few daj'S after the patients 
had been admitted, so that even if there Averc some undetected coavs infected 
with Bang’s disease in the herd, it is A’ery improbable that the patients had be- 
come infected and owed their agglutinins to this source. Carpenter, Boak, and 
Chapmam reported that brucella agglutinins are not passively transferred m 
milk, so that the presence of brucella agglutinins in the patients shortly after 
their admission probably could not be accounted for on the basis of passive 
transfer through the drinking of millr containing brucella agglutinins. Pes- 
teurized milk is supplied to the patients at the Chicago sanatorium, so that 
there is also pi’obably no chance for infection through this route in this institu 
tion. 


The results of our im’estigation indicate that the sera of a small percentage 
of tuberculous individuals may show a transitory brucella agglutinin content 
We belicAm that these agglutinations should be considered as false 
nonspecific results since it is inconceivable that an agglutination titer of 1- ^ 
or 1 :1280 should completely disappear within the course of a few days, if we 
are dealing Avith a true brucella infection. The AA’ell-knouTi phenomenon o 
the disappearance of antibodies from the blood stream in the agonal peno 
not pertinent here. The absence of a positive sldn test in those patients tes 
is considered further evidence that we were dealing AA’ith a nonspecific 
tion phenomenon. It is not belicA’ed that the hypothecated common gr ^ 
antigen of the tubercle bacillus and the brucella organisms could explain om 


*AA’'e wish to express our inclebteclness to Dr. Allnn J. Hruhv and Dr. H. C. S"®” 
supplying us with samples of blood. (cds 

tTlie Brucin was obtained throug-h the eowtessy of Dr. I. F. Huddleson, ’’h’k-Iatoriun'- 
were performed by Dr. M. R. Lichtenstein of the Cliicago Municipal Tuberculosis 
JWe are indebted to t)r. D. O, N. Linberff, Medical Director of the Macon 
culosis Sanatorium for sending' us these sera. 
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suits, for if such uere the case, ue uould not expect the complete disappeaiaiice 
of agglutinins -Hithm a shoit time It is possible that in those cases nlicic the 
agglutination titer did not disappcai upon lepcated testing, the tuberculous pa 
tient also had an unrecognized ease of latent oi past undiilant feier contracted 
before entering the institution Since a lecciit surici by the Bureau of An 
imal Indiistiy of the United States Dcpaitmcnt of Agiicultuie* showed that 
from 20 to 30 per cent of the cattle in Illinois has e Bang ’s disease, and Torrey 
and Graliam’” isolated biucella oiganisms fiom 50 pei cent of 62 law mdk 
samples collected in mdelj disliibnted counties in Illinois, it is quite possible 
that these patients obtained then biucella infection befoie entciing the institu 
tions 

nKOCFULA lOGLUTtMIIsS IN TUnFBCULOtJS OUINFV PIGS 

In order to determiiie if the piesencc of biucelh agglutinins could bo dem 
onsfrafed in animals expciimeiitallv infected nitli tubercle bacilli, the follomng 
study ivas cairied out 

The two Meeks* KroMtli of *1 stock strain of the Jiunnn tubercle b'lcillus on Pctr'ign'ini « 
rucdiura was Mashed oiT with saline and ground m a mortar to obtain a homogeneous sus 
pension- Approxiniatclj SOOOOO tubercle bacilli Mere injected subcutaneously into the left 
inguinal region of 25 guinea pigs Samples of blood were tal cn from each animal bj cardiac 
puncture before and at intervals of two mccIs after inoculation of the tubercle bacilli It 
was or/ginallj planned to keep the animals that did not die of tubcreuloojs for a period of 
three months, but duo to the excessive summer heat (105* to 110* F in the animal quarters), 
all of the animals died about nine Modes after inoculation Using the technique previously 
ot timed, the sera from these animals were examined for the presence of brucella agglutinins 
All animals were autopsied for gross evidences of tuberculo«is, and smears made of the 
affected organs to detect the presence of tubercle bacilli 

None of the animals shotved biucella agglutinins in their sera before in 
jcctmg the tubercle bacillus, but four showed agglutinins after the inoculation 
Table III shows the time and titer of the agglutinins found in these animals 


Table III 

Positive Bvucellx Agglutjmtiox Tzteks in Ssrx of GLI^El Pics Ixodui xted With 

HUIirAN ItJDETCLC BACILII 


ANlMAf ^0 

TIME INTCTVAL 

Ain-FP INOCUIATIOX 

WIIFV BLOOD 

MAS TAKEN 

2 WEEKS 

4 WEEKS 

G WEEKS 

8 WLBKS 

643 

0 

1 SO 

0 

0 

A 18 

1 40 

1 160 

0 

1 040 

637 

1 40 

1 ICO 

0 

0 

579 

1 40 

0 

0 

0 


These results lend experimental confiimatjon to our findings in human beings, foi 
hrucella agglutinins ivere found in the sera of tuberculous guinea pigs, and the 
agglutination titers x\ere irregular and of a transient nature It is interesting 
to note that in seven of the guinea pigs, no gross eiidenccs of tuberculosis 
Here observed, and no tubercle bacilli were found in stained smears of Ijunph 
nodes, spleen, liver, and lungs It is possible that the infection had not ad 
vanced fai enough in nine weelis to be detected hy oui methods of examination 

•Ueport not yet published 
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Of the four animals showing brucella agglutinins, only one (A-18) showed {lie 
pathologic changes of tuberculosis. Apparently a progressive infection is not 
neeessarj’’ to cause the production of nonspecific agglutinins for brucella or- 
ganisms. 

MScnssiON 


Since the agglutination test for iindulant fever lias not yet had the test of 
time in this country that the Widal test and other serologic procedures have, 
the reliability of its results is frecjuently questioned. However, our stndv has 
revealed the fact that a positive test may be relied upon in SI, and perhaps SS, 
per cent of the case.s, and the negative test in about 90 per cent of the cases. 
This is a high degree of I'eliability wlien it is realized that in a recent study on 
the serologic diagnosis of syphilis conducted by the United Stales Public Health 
Service and carried out liy many of the country's leading scrologists, it was 
found that positive re.sults were obtained in only 65 to SS per cent with Ifflomi 
syphilitic sera.-^ It may Im objected that onr method of determining the re- 
liability of the brucella agglutination test is inherently fallacious, since, as we 
have already pointed out, the pliv'.sician is frequently forced to base liis final 
diagnosis solely on the laboratory examination of the patient’s Idood. IVe (b 
not believe, however, that this criticism is valid, since in the ma.iority of eases 
the clinical information was obtained from llie physician several mouths, aiidm 
most instances several years, after the positive agglutination test was reported. 
Thus thei’e was usually ample time to detect and diagnose other diseases wliieh 
might have been mistaken for uudulant fever. 

Our results indicate tliat cros-s agglutinations with serum containing ag- 
glutinins for B. iypliosum or B. protevs X19 may he expected in about d per 
cent of the eases, but this does not constitute a serious limitation to the reliahihf) 
of the test, as subsequent blood samples from the patient in question will usiialk 
show an increase in titer of agglutinins for the infections agent causing 6'^ 
illness. 

Prom onr present work it apiieans that tlie sera fi'om tiihereiilous ind'- 
lidnals may produce a positive brucella agglutination test at desultory int®' 
vals. This finding is supported by the I’esiilfs obtained with experimentally in- 
fected guinea pigs. 

The jihenomenon of nonspecific agglutination by tuherciilons sera is not ne"’ 
for Hull and Henkes-"’ reported it to occur with B. typliosmn and B- 
feriae (Plexner). Hull and associates-'* also found that several members o 
the paratyphoid group were agglutinated by sera from tuberculous peiso®- 
Apparently there is some nonspecific agent in tuberculous serum w’hich, 
certain conditions, is capable of causing the agglutination of a variety of ^ 
terial antigens. 


smmARY 


1. In order to detei’inine the i’eliability of the agglutination test fpr 
dulant fever, information concerning the symptoms and clinical *diagiiosis^^^ 
patients whose sera had been examined for brucella agglutinins was o 
through questionnaires sent to the attending physicians. 
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2 The results of the posiluc agglutination tost foi brucellosis agreed uith 
the clinicians' diagnosis in SI to SO pel cent of the eases, the iiegatne agglu 
tmation tost oas substantiated In the eliiiioal diagnosis in about 90 per cent of 
the cases 

3 An anahsis of our data indicated that ozoss agglutniafions acre oh 
tauicd in about 2 pei cent ot the seia cnuiaining agglutinins toi B iijpho'Htm oi 
B pioicm X19 The possibilitj* that these results ma^ not haic been due to 
true Cl OSS agglutinations is discussed 

4 Brucella agglutinins ■uore found m appioviniatelj 3 per cent of 650 
sera fiom the patients in one miinieipa) tuberculosis sanatorinm and in 9 per 
cent of the 102 scia fiom the patients in anothci (ubciciilosis sanatorium The 
transient and niogular behaMOi of those agglutinations and the absence of 
posituo shin tests indicated tliat tlic\ weio piobabh nnnspeeifie oi false re 
sctioiis 
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TPIE IRON OP" HUMAN BLOOD SERTOP 


Burnham S. Walker, M.D., Boston, SIass. 


I N TEXTBOOKS of physiologic or clinical cheiiiistiy it is nsiially stated, or 
tacitly assumed, that the blood contains iron in the form of hemoglobin, and 
in that form only. On this assumption is based the frequent practice of hemo- 
globin estimation in blood on the basis of the iron content. That this procedure 
gives a very close approximation to the correct hemoglobin value is attested by 
the reports of largo series of compai-alive determinations by several competent 
investigators. 

Iron has been recognized in the blood in forms other than hemoglobin. The 
credit for this discovery should probably go to Bicrnacki,-’'’ although the vovk 
of Ei'beii” and of Forvell" is more frequentlj' cited. All these investigators veie 
hampered by' the lack of adequate analytical methods, and by the current un- 
certainty as to the iron content of hemoglobin. This latter difficulty was resolved 
in 1909 by Butterfield;® P^owcll airparenlly did not have the benefit of bh 
figures. 

Of present-day iiiv'cstigators, Barkan" has been outstanding in his contribu- 
tions to our knowledge of nonhemoglobin iron. He has demonstrated that a 
portion of the iron in the red disks differs from hemoglobin ii’on in being 
■‘leieht abspaltbar” — easily seirai'ated, or labile to dilute mineral acids. Ire“ 
in a similarlj' labile combination is present in plasma or serum. The labile non 
is present in quantities independent of the hemoglobin content of the blood 
sample. About 65 per cent of the labile iron (fraction E) reacts reversiblj 
with oxygen and carbon monoxide; the remainder (fraction B') does not. I" 
Barkan’s most recent inrblication, he offer’s evidence that the labile iron con- 
sists of: 

I. a-Pseudohemoglobin, derived from hemoglobin by ruirture of tte 
porphyrin ring (fraction E) 

II. a-Pseudomethemoglohin, derived from I by oxidation of the ferrous 
to ferric iron (fraction. E') 

III. Iron liberated from II along ■n-ith globin and bilirubin by reduc- 
tion. This iron is liberated into the plasma vs-here it forms a com- 
pound with plasma globulin. This fraction forms a major portion of 
the plasma or serum iron. 

Barkan’s hypothesis is strongly confirmed by the observed fact that iron ai' 
bilirubin are present in normal human plasma in equimolecular proporboo^ 
Increase in blood serum iron with bilirubinemia has been independent!) 
ported by Locke, Main, and Eoshash.^® 

“From the Evans Memorial for Clinical Research and Preventive Medicine, Boston. 
Received for publication, March 23, 1938. 
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The nonhemoglobjn fractions of blood non dealt Mith bj AVarbuig and 
lucbs" and hy IQumpp’- maj be consideicd as compilable, if not identical, 
iMth the labile non of Baihan Kliimpp found 2 2 mg of iionhemoglobm iron 
as a mean laliie in uliolo blood, nialmig np a mean peieentage of 5 3 of the 
total non His thesis is that the \aiiabibf' of this noiihemoglobin non (m both 
colls and plasma) precludes the possibiliti of accinate hemoglobin analysis bj 
ati\ non method Josephs'^ found soincnliat moie nonhenioglobni non (3 mg 
pel 100 ec) in uhole blood, and moic iccent!' Josephs and AViiioour’* haic 
dcmoiistiated that this noiilieiiioglobni fiuction of non m the led dishs is in 
eieased niidei eeifain conditions without a smiuhancous nniease in the labile 
iron of Baihan Tins bungs up the possibiiits of still otlici fiaefioiis of non 
hemoglobin non, nhicli auait nioic definite cbaiaetciizatioii Sfooie’'’ has re 
eentlj siininiaiiaed the liteiatme on the qiiantitatise deteiiiuiiation of the labile 
non in iiliole blood and giieii the zcsults ot bis oun aiiab'ses ulmh shoo that 
fiom 24 to nearly 10 poi cent of the non iii noimal uhole blood is “easily 
split oft,” flic pcieentage appaieiitlj depending somewhat upon the mineial 
aeid used, and the method of sepaiation 

This study deals uith the iron of human blood seiiini, uliicli consists, ac 
eoiding to Barkan's latest foimulatioii, clueflt of feme non in oombmation with 
sorum globulin This concept agrees with the obsciscd facts that seuim non 
)s not ultrafiltrablo unless acidified," is paitialh lomoiod In piecipitation of 
the piofoins,” but still gnes some of the icactions of moiganio iron ” Moote’" 
has shown that the amounts of non in seiiiin and plasma aie ossontiallj identical, 
pronded the sepaiation is made within an houi Longei standing of blood 
before separation will result in a measniable tiansfci of non from cells to plasma 
or serum" Mooie, Doan, and Ariowsmith’* assign to plasma non the function 
of tianspoit It repiesents an equilibrium of lates of iron intake, utilization, 
and e\cietion 

Seieral methods haie been pioposed for the iiieasuicment of seium or 
plasma iron The possibility of contamination with hemoglobin has occurred 
to ail imestigatois of this fraction, and seceial procedures ha-ve been used to 
eliminate it Bing and llanzal’'’ collected tlieir calucs by carijing out a 
determination of hemoglobin by the quantitative benzidine method of Bing"" 
Moore’" used a similar pioceduie The use of benzidine in this manner is open 
to the objection that bonzidme is not a specific leagent for hemoglobin, but 
responds to any substance which has a perovidase action, including non itself 
in the feme state A solution of feine pjiophosphato of the same concenlra 
tion of iron as noimal human blood serum (01 nig per 100 ce) will gue a 
detectable blue color with the benzidine reagent used bj Mooio In the raajoiitv 
of kloore’s analyses the collection was of the order of 1 per cent of the total 
seium non, which is insignificant eonsidcinig the eiior of the iron anahsis 
Itself Otlici woikcis liaie used tiicliloiaectic acid filtiates of soiiim or plasma 
AVith this method hemoglobin is pi capitated and cannot interfcie The objection 
to the use of triohloracetie aeid is that a variable amount of nonhemoglobin non 
IS lemoved in the pieeipitation , this was Hist noted by roirweather’" and con- 
firmed bj Jtooic In vievv of the unsatisfacton outcome of attempts to eor 
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rect for the very small amounts of hemoglobin possibly present, the figures in 
this study are not corrected: any specimens showing visible or spectroscopic evi- 
dence of hemolysis have been excluded. 

The first experimental phase of this study was concerned with the develop- 
nieiit of a method permitting the examination of sera with accuracy and reason- 
able speed. The method developed was a modification of that of Fowweatlicr.'* 
It differs from the original method in the following respects ; serum is used 
rather than oxalated plasma ; the use of platinum is obviated ; complete oxidation 
to the ferric state is assured by the use of persulfate ; the color is more stable; 
the Evelyn photoelectric colorimeter is used for readings. 

Procedure for Serum Iron . — Two cubic centimeter samples of imhemol.vzed 
serum are digested in pyrex test tubes (graduated at 20 c.c.) with 1.5 c.c. of 
concentrated sulfuric acid. A glass bead is adequate to prevent bumping. The 
digestion may be carried out slowly on a sand bath or rapidly by the direct 
flame of a microburner. When the mixture is well charred, 30 per cent hydrogen 
peroxide is added in 0.5 c.c. amounts, repeating as often as necessary, with con- 
tinued heating, to produce a solution which remains clear and colorless. Usualh 
three additions are required. A control tube containing 1.5 c.c. of concentrated 
sulfuric acid should be carried along with the others and should receive the 
same amount of peroxide. When the contents of the tubes is clear and cooled 
to room temperature, the volume is made up to 20 c.c., and to each tube is added 
1 c.c. of saturated potassium persulfate solution and 4 c.c. of 3 N potassiuin 
thiocyanate solution. These two solutions are prepared as prescribed by Wong.' 
The colored solutions may be read in an ordinary colorimeter against a standard 
prepared by using 0.5 c.c. of a standard iron solution containing 0.01 mg. w® 
per e.c., made up in a similar tube to 20 c.c. volume, and to which identica 
amounts of persulfate and thiocyanate solutions have been added as to the 
unloiouTis. The Evelyn photoelectric colorimeter obviates the difficulty of com- 
paring by eye readings the rather faint colors that are developed. The optnm® 
filter for iron thiocyanate colorimetry would be at 480 m/t.-‘ The 520 W 
filter used for creatinin determinations lias given entirely reproducible resn s 

Normal Values for Serum Iron. — Blood sera from 12 medical students were 
examined. The highest value found was 0.23 mg. iron per 100 e.c. serum, t f 


lowest value 0.04 mg., the mean value 0.13 mg. 

Comparison of these values with those of i\Ioore'“ and of other investi 
gators as tabulated in his recent paper shows that there is fairly general agi® 
ment in regard to the normal values for human blood serum iron. Our roaxinn® 
value is somewhat higher than that obseiwed by Moore, agreeing more c 
with that of Tompsett d' our minimum is very slightly lower than Moore s, < 
in agreement with Guthmann, Bruckner, Ehrenstein, and Wagner."^ 

Jenkins and Thompson,=“ using the thioglj'collie acid method, reported m®‘ 
more iron in the plasma than is generally accepted, and also a marked sex 
dice unconfirmed by other workers. The most extensive report on blood 
ii’on published to date is that of Heilmej'er and Plotner.®“ They find an 
value in males of 0.126 mg. per 100 c.c., which is in agreement with our av = 
value of 0.13 mg. They also obsei-ved a sex difference, but it was small an 


posite in direction to that reported by Jenkins and Thompson. 
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Scrum Iron in Pernicious Anemia . — The suggestion that tlie nonliemoglobiii 
iron of the blood scrum might bo increased in pernicious anemia is an old one. 
It was first expressed by Erben,® later by Fowcll.^ Riecker-^ and Jlarlow and 
Taylor-® investigated the question, but came to conflicting conclusions. Locke, 
Main, and I?o.sbasIi^® studied 3 cases of pcruieiou.s anemia and found high values 
(not beyond normal limits) which decreased under liver therapy. Moore, Doan, 
and Arrowsmitli'® tabulated 10 eases of jicrnicious anemia, of which 5 showed 
scrum iron values above normal. Hcilmcycr and Pldtncr^'’ classify pernicious 
anemia among ibe hemolytic anemias, reporting S cases. Onl^’ one untreated 
case shows a value above their normal range, hut all arc high in the normal 
range, and show a decrease in i-csponse to liver therapy. The same lowering of 
serum iron levels following treatment is demonstrated by Moore, Doan, and 
Arrowsmith; in one case where liver was temporarily discontinued there was 
a return to a high value. 

This present study adds two nntreafed cases and hcveral treated cases of 
pernicious anemia. 

Mr. McL., aged 40 jears, entered the ho>*i>i(al wUh .'10 per rent licmoglohiD and 1.0 
lailliott red blood coll count; liis scrum iron nas 0.27 mg. the day before liver therapy vsas 
begun. Subsequent values are shown in Table I. 

C., aged 3G years, was admitted with 27 per cent hemoglobm and 1 01 million red blood 
ceil count; lior serum iron on a(3nu«<ilon was 0^0 mg Hei coui'-e j** slioun also m Table I. 


Tadle I 


n\Y OF TREATME.Vr 

SElCUAf inON 

(.AIO. PER 100 C.c.) 


McL. 

c. 

0 

0.28 


5 

0 26 


9 

0.18 


12 



13 


0.11 

15 


0.13 

11) 

0.34 


18 


0.12 

19 

0.09 


22 

O.IO 

0.09 

29 

0.08 


31 


0 08 

42 


0.08 

59 


0.13 

S7 


0.14 


Fifteen serum ii’ou detei’minations have been made in cases of pernicious 
anemia under treatment; of these, only two have been above the normal range. 
In one ea.se, treatment had been obA'iously inadequate (hemoglobin 49 per cent, 
red blood cell count 1.9 million). His serum iron level was 0.26 mg. per 100 
o-c., dropping to within the normal range after one Aveek of adequate treatment. 
The other case had the same senim iron level; treatment, lAreviously adequate, 
had been discoutimied. His blood count Avas not markedly abnormal (hemo- 
globin 97 per cent, red blood cell count 4.4 million). 

In smnmarizing the observations in pernicious anemia Ave may note: un- 
treated eases show uniformly high values, often slightly above the normal range; 
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one iveek of adequate liver therapy ivill bring the values doira to irithin normal 
limits ; lapsed or inadequate treatment ivill result in increased values, sometimes 
exceeding the normal limit. 

8e7'iim Iron in Ilypocliro^^iic Anemia . — ^Animal experiments with horses-' 
and with rabbits-® liave indicated that hemorrliage will result in depiction of 
serum or plasma iron. Bai'kan® lias repeated some of these experiments and lias 
shovm that a decrease in plasma iron may be observed even ivlien the hemoglohin 
and red blood cell count are not appreciably affected. 

Eieeker-^ investigated a number of clinical cases of secondary anemia and 
found loiv serum iron values. His values in general deviate so ividely from the 
findings of other ivorkers that liis CAudence is hardly admissible. Locke, Main, 
and Eosbash^® I’cport 2 cases, ivith senim iron values of 0.015 and 0.04 mg., 
respectively. Sloore, Doan, and Arroivsmitld® report 14 cases of hj-pochromic 
anemia, all but 3 with serum iron values below normal. Ilcilmeyer and Plotner” 
report 7 cases of acute anemia following hemorrhage, and 12 cases witli chrome 
hemoi'rhage. The serum iron values fall between 0.01 and 0.04 mg. per 100 c.c. 

Observations made at the Evans Memorial on patients with hypochromic 
anemia show that low serum iron values arc the rule ; values below the low normal 
limit (0.04 mg.) are uncommon. There is a consistent tendency for increase m 
serum iron values following successful treatment or cessation of blood loss. The 
findings in hjqioehromie anemia are summarized in Table II. 


Tabu: II 


CASE 


SERUM IRON 

Mg. ter 100 c.c. 


J. Hemoplulia with rectal bleeding 0.03 

Treated with iron and transfusions 

(three months later) 0.23 

T. Anemia associated with diabetes and hypertension 0.03 

After seven days’ iron therapy O.OS 

K. Nutritional anemia : chronic cholecystitis and 0.03 

multiple neuritis 

E. Carcinoma of pharj-nx 0.03 

F. Carcinoma of stomach 0.04 

W. Duodenal ulcer, after hemorrhage 0.04 

One month later 0.15 

H. IJlcerative colitis 0.06 

B. Chronic nephritis 0.09 

E. Pyonephrosis and nephrolithiasis O.OS 

O. Toxemia of pregnancy 0.05 

After six weeks of iron therapy 0.08 

C. Hematemeses ' 0.13 

One month later 0.23 


hemogiobk 
PET. CENT 
20 

91 

6S 

7S 

74 

G1 

45 

6S 

104 

58 

55 

33 

62 

75 
58 
84 


Scrim Iron in Other Types of Anemia . — Several cases studied didnot p^f^ 
mit easy classification, but showed such marked variations from the normo , • 
regards serum iron, that they deserve recording. 


Mr. C., aged 83 years, was admitted November 24, 1936, and discharged Decenthfif 

He was followed as an outpatient for a time, was readmitted March 29, and died P 

' - therapr, 


then 


1937. He had an anemia with achlorhydria, which improved slightly under liver 
without reticulocyte response. He was followed for a time after his first 
failed to appear for treatment. After about two months, he returned in much worse c 
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nns readmitted, and died after a few da\s m the hospital. The anatomic diagnosis was 
“profound anoniia (t.'po iindetornimed in gross) ” The bone marrow sections were ex- 
amined by Dr. Cliarles F. Braneli and )>} «e»cial other pathologists; the opinion «as con 
sistently gnen that there wa* a toxic deprossjon of bone marrow acti\ity, probably from in- 
fection. Although he apparently did not hue pernicious anemia, the patient’s serum iron 
figures are .similar to those seen in pernicious anemia f.i*-es 

Tabie hi 


SEfiuir Ikon* V.\eufs ik a C^se of Toxic DtPRFbSiov of Bone JXarrow 


nVTE 

jiEnoGLomx 
PER CENT 

KE!) BLOOD CLLL COUNT 
(MILLIONS) 

SERU^r IRON 

MO TER 100 C C. 

November 24 

.JO 

18 


Noiember 30 

52 

2 1 

110 

December 7 

42 

2 0 

0.42 

Januarv’ 9 

49 

2 0 

0 21 

January 39 

44 

39 

0.23 

.Tanuarv 20 

42 

20 

0 in 

M.'irch .30 

24 

3 2 

0 25 


It Rconif) I’CRsonablo to I)clic\c that tl»e icason toi the higii serum iron values 
is the same in tliis case as in pernicious anemia , adciiuatc iron supply and 
storage deficient utilization hy the bone marrou In Ijotli situations there 
is also the possibility of incicased blood pigment destruction 

Mrs. G., aged -if) j^enrs, ua** admitted Februan 1 and diMliargcd April 24, 10d7, with a 
diagnosis of npl.istie anemia, for ulueh no definite eau^c uns e-fabli'-lied. Her anemia was 
hjTertliroiiiic, witli free ludrothlorie atid jux'senf m the gastric content® She received liver, 
iron, and eo^eral transfusiocs during her stay m the hospital, and wa^ discharged not greatly* 
iRipro\ed, Froui the viewpoint of the IvoliAMor ot the vcuuu iron her case la somewhat 
Similar to the preceding one Feb. Ih mg iron per JOO ct scrum, Feb 20, 0 35 nig ; 
Feb, 25, 038 mg.; March 3, 0.31 nig.; April 1, 027 ing 

Jtr. F., aged 54 yeais, was admitted Septemlwr 24, 1030 He had a liyperchromic 
anemia, reticulocytosis, achlorliydna, cnl.argcd Iner anil spJeen, and serologic evidence of 
syphihg. He was deeply jaundiced. Treatment with iron, liver, and transfusions did not 
lead to any great improiciiient. He wa® discharged November 38, with diagnoses of tertiary 
syphilis and acquired liemolytie jaundice. His henioglobm varied between 24 and 32 per cent, 
Ins red blood cell count from 0.9 to 1 2 nuHion fccrum iron determinations: September 24, 
0.C4 mg.; October 7, 0 28 mg.; October lu, 0 21 mg, October 20, 0 23 mg; October 29, 0 41 
mg.; ICoveraber 9, 0.70 mg ; K'o%embcr 15, 0 54 mg The excessive iron m his genira might 
reasonably bo attributed to Ins accclcmtcel rate of blood pigment destruction. 

Sentni. Iron in Enjthrama—'IV'O cases of untreated polycythemia vera 
U’ere reported by Moore, Doan, and Arrou'smith,^® both showing low normal 
levels, We liave had opportunity to sfudj* two eases; in one ease our findings 
were similar to those cited; in the other, values slightly above normal range 
(0,35 to 0.26 mg.) weie obtained on repeated examination. Tiie available oI> 
serv’ations are quite obviously' inadequate to make any attempt at conclusions. 

suanrARY 

1. A simple method for the mcasiii’cment of the total iron of blood serum 
is described. 

2. The normal range of iron in nonltemolyzed blood serum is from 0,04 to 
0 23 mg. per lOQ c.c. serum. The average amount is about 0.13 mg. 
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3. In peiTiieious anemia the blood serum iron is moderately increased, 
and returns to normal -with successful liver therapy. 

4. In h.'S’pochromie anemias the values for serum iron are low, but not 
necessarily below tire normal range. Iron therapy increases the serum iron 
level in these cases. 

5. In aplastic and hemolytic anemias the serum iron levels may be elevated. 
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MODIFIED APPARATUS FOR OBTAINING GASTRIC CONTENTS*^ 


JutEs L PosNrE, B S , Johiv T Minns, Ph D , M D , ind Andbpw E Fodoe, 
B A , New Vork, N Y 


CINGE 1812, when it was fiist used bj Philip S PhjsicK, and in 1822, bj 
^ Jukes, as a means of lelieviiig the stomach of poisons, the stomach tube has 
undeigone little modification In 1869, Kiissinaui used it clmicallj foi pjloiie 
earemoma and spasm, first oipeiimenting on a piofessional swoid swallower 

The geneial stmetiue ot the tube has been tunctionallj pieseried Its total 
length is about 38 inches, ol which about 20 to 21 inches extend from the mouth 
to the stomach This allows 5 to S inches to dip into the stoinacli The diametei 
of the oldei tjpo tube (Boas) is approximatelj 12 mm The distal end tapeis 
to an opening and has two oi more smallei openings in the side of the tube, % 
to 1 inch fiom the tip 

The tube is intioduced into the pliaijiix, and the patient is instuietcd to 
close his bps aiound it and bieathc lapidlj in ordei to aioid undue abdominal 


•From the Research Department of Bendmcr and Schlesinger Laboratories Nem Tork 
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stress. The end of tlie tube is suspended in a flask in which the stomach con- 
tents is collected. Cummer, as well as Todd and Sanford, has suggested that 
a Pollitzer bag be attached to the end of the tube, which is compressed until 
the esophagus is entered. Eelease of the bag then causes suction, forcing the 
stomach contents into the bag. 

This process is rather awkward. A single compression is not always suf- 
ficient to free a badly clogged tube. The bag must then be removed, recou- 
pressed, and attached to the tube as often as necessary to obtain sufficient ma- 
terial. Direct reeompression without removal would force the material back 
through the tube. The bag must be carefully cleaned and sterilized before each 
case. 

The duodenal tube was devised in 1895 by J. C. Ilemineter and later modi- 
fied by Kuhn, Einliorn, Eehfuss, and others. 

The Eehfuss modification is nio.st extensively used both for gastric and 
duodenal extractions. A small olive-shaped metal tip terminates this tube. Due 
to its small diameter, 3 to 4 mm., the patient will bear it comfortably, but it be- 
comes easily’ clogged, making it essential to use suction. This is directly applied 
with a large aspirating sy^pringe attached to the tube. The difficulties of tbis 
arrangement are obviously’ similar to those encountered in the use of the Boas 
tube. In spite of any’ precautions, the authors have found ..that mucus and 
food particles will often clog the tube, necessitating its removal for washing and 
causing considerable discomfort to the patient. "We have attempted to introduce 
distilled water into the clogged tube to produce syphon action, but results have 
been too variable. 


PROCEDURE 

The modified procedure which the authors submit for approval may be nsd 
with the Boas or Eehfuss tubes, either for fractional or occasional extraction 
of gastric contents. This is a modified suction method with the addition o 
Florence type flask to serve both as a suction generator and a trap for the ex 
traeted material. The flask is tightly fitted with a two-holed rubber stoppe^ 
Through one opening is passed a hard rubber nozzle extending slightly into 
flask. A piece of hard glass of adequate diameter and of sufficient 
reach from 1 inch above the stopper to about halfway’ above the bottom o 
flask is passed through the other hole. 

The end of the gastric tube is attached to the upper end of the glass 
A rubber bulb with a hard rubber opening to fit tightly’ over the protruding 


zle is obtained. The apparatus sold by’ the Davol Eubber Co., as the 


‘BwaW 


tlic 

Jiivacuator, " witii a ruDiier DulD oi iz ounces capacity ana a glass 
tube by means of which the flow of material may’ be observed, has been 
effectively’ used by’ the authors. This outfit is easily’ adaptable for th’S P^^^^ 
cedure by manipulating as suggested above. The tube is introduced 
stomach, the bulb is compressed, placed on the nozzle of the receiving 
released. This causes the formation of a slight vacuum, which is usua 
ficient to start the flow of gastric fluid into the receiving flask. Food 
or mucus which now clog the tube are freed by’ slight compression anc i 
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of tlic bulb \\hicb remains fixed on the noz?lc The bulb ne%ei comes in direct 
contact uith the cxtiactcd inatcrml, so that oidinaij cleaning’ and drying is 
suffieient to piepaic it foi use (Fjg 1) 

When fractional extinction is lequncd, a pinch clamp inaj be used to close 
the tube i\hen a suftieicnl amount of sample Ins been collected 

The dcsciibod method has been used In the authors on patients suffering 
fiom a \aiietj of disoidcis, fiom noimal to ad^anml cases of carcinoma Pai 
ticulailj successful results Inic been obtained m aspnating gastiic contents 
from a fasting stomach foi baeknologie examination cspceiallj in connection 
uith the iicnci technique foi diagnosis of pulmonai} tubeiculosis We ha\e jet 
to expciiencc faihuc m obtaining sufficient substance foi examination oi to note 



anj hannful effects of the procediiie on the patient On the contiarj, the 
patient sufteis less discomfoit than in anj of the cmiciit piocediiies, due 
gieatlj to the speed Mith which the uhole opeiation can be aecoraplished 

SOTIMART 

An impxo\ed method foi the lenioval ot gaxtiic contents liaiing the foi 
lo^Mng advantages is dcscnbcd 

1 Clogging of tlic tube and icpcalcd washings aic made unnecossarj be 
cause of indnect sjplion action 

2 Laigei quantities of test nitals aie lecovered, peimitting moie aceuiatc 
analyses and mteipictation 

3 It permits the lemoval of gastric mateiial without pievious ingestion of 
test meals 

4 It decieascs the discomfort of the patient due to gieater speed and cer 
taint} of action 


Cl f'l 
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THE DETERMINATION OP MORPHINE IN THE URINE OP 
MORPHINE ADDICTS^' 


Fred W. Oberst, M.S., Ph.D.. Le.yington, Ky. 


A 


QUANTITATIVE determination of morpiiinc in urine consists of tlic 
isolation of the alkaloid in a i'elativel.v pure state and the mea.surenieiit o 
its concentration. Most of the methods reported in the literature are satisiat- 
tory only when the amounts of morphine in urine arc relatively high as in ca^ 
of acute morphine poisoning or in experimental animals receiving a J'’=' 
morphine intake. The amount of morpliine found in the urinh of clinical cases 
and of most morphine addicts is considerahly lower, consequently the met w » 
described are not practical, since it becomes necessaiy to use excessively laio^ 
volumes of urine to carry out an analysis. Because the question of the fate « 
morphine is being studied in the addict, it became necessary to evaluate « 
various methods already described and to develop a more practical and sensitue 
method. The procedure of Pierce and Plant^ still is the most satisfacW 
quantitative method for the determination of morphine in biologic matena^- 
Their extraction procedure for a quantitative removal of morphine from uim 
has not been surpassed. Thej- removed morphine with an ethyl alcohol-elik'’® 
form mixture from 60-70 ml. of urine saturated Avith sodium bicarbonate usiUo 
a continuous liquid-liquid extractor. The residue obtained after the 
of the solvent Avas dissolved in 0.5 per cent hydrochloric acid and subjecte 
three extractions Avith an amyl alcohol-chloroform mixture to remove 
Then they saturated the aqueous solution AAutli poAvdered sodium bicarbonate a ^ 
remoA’ed the alkaloid by three extractions AAuth an amjd alcohol-chloro 
mixture. The extraction solvent containing the morphine Avas treated vi 
fcAV drops of dilute hydrochloric acid and cAmporated to dryness. The moip 
concentration in the final residue, ranging from 1 to 20 mg., was deteimi 

♦From the United States Public Health Service Hospital, IL/exington. 
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coloijnietricalI> b'\ means of the L<'mttuschldg:ci diazobenzeiiesulphomc acid 
» method “ Then studies lAeie made on doffs loconniff doses of inoiplime langmg 
fiom 10 to 50 mg pei kg hod\ weight, conseqiicnth laigc amounts of the drug 
UGic GNcretcd in the mine 

^lain othei methods foi the isolation and ditciininalioii of moiplunc aie 
described in the liteiatuie, most ot the eailui methods aie adequateh lexieued 
’ b} Balls and AVolft^ and DccKeil^ Alost ot these methods are stiictl\ qual 
itatne Balls and Wolff,’’ Light Tonanec and Wolff-' and Wolff, Kiegol, 
and rn** used a eoutinuous liquid lupiid tstiactoi and made lepoated isoeloctiie 
extractions until then lesiduc was pmc tnouffh toi a sihcolungstic acid preeipi 
tation The piecipitate was icmo\od, dtiod ami weighed Thtii method lacked 
seiisiti\eness, at least 5 mg and hettci 10 mg ot moiphinc being icquucd foi a 
leasoiiabl} aeeuiafc analysis AViien the amount of inoiphine in a single de 
termination was loss than S mg, the hnal estimation was made coloiimetiicalh 
b> the diazo zeaetion 

Loots'^ in 3922 was one of the fii^'t t*> stnd\ s^l(esstull^ the excietion of 
morphine clnucalh in human beings Ho iemo\cd moipliino fiom nunc bj' 
the classical Stas Otto pioccdiuc of Kpeated o\apoiations and atid alkaline e\ 
tiactions The final icaiduc was tested b\ one ot tin well known alka^oidal 
coloi leagents (Fiohde, Jlaiquis Bellagii) This inetluxl lequiiecl the use of 
large quantities of urine and detected onl\ the presence of nioiphino 

Pause® tiled to tiimplif^ the Stas Otto method and limited the quautitj of 
uune foi an analysis to 50 100 mi He used otJnl acetate to extiact the 
moiphinc and then sublimed the alkaloid foi its detection bj the usual alkaloidal 
" color reagents Teiuucht and iCai,® Ellingci and Sccgci,’® To and Ein,“ Fiehdcn 
and Huang, “ Liang^® and others icportcd \auous pioceduics for evtracting 
nioiphine fiom nunc The picsence of nioiplnnc in the final lesiduc was do 
termined bj the usual alkaloidal eoloi oi piccipiiation tests Teuuiehi and Ivai 
dcteimmed tlie concentiatioii by titiation according to Goi din’s method 

Deckcit* dcsciibed a metiiod suitable for clinical use in which morphine was 
t extracted fioin mine bj means of cth\l acetate and was deteimmcd nephelomot 
s uc<i]l\ as a morphine inoljbdale xanadate complex, the tuihiditj pioducod 
hemg loughlj pioportional to the amount of morphmo pieseiit He claimed 
that his method is rapid and sensiti%e, and that lie obtained a satisfaetoij 
morphine test on 10 ml uime containing as low as 0 01 mg moiplune 

With the exception of the Hcekcit method it is appaient that the methods 
f foi the qiiantitatixe deteimination of moipliiiic in a single extiaction fiom 
urine aio not satisfactoi\ for amounts below 1 mg In the following lepoit 
, methods and pioccdiues are piesciifcd foi the quantitatne deteimination of 003 
to 2 0 mg of morphine in 10 to 70 ml mine A new method is described foi 
the fmthei separation of moiphme fiom impiuities in a luman lesidue bx 
means of permutit The moiphinc eoneentiation in the peimntit is then de 
toimmcd coloumctncalh b\ a new procodme for moiplimc, whieli is moie 
sensitne than pievious coloiimetiie methods Tlie Deckeit method has been 
nnproxed and made more lelnblc foi the detection and deteimination of small 
^mounts of morplime 
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EXPERUIENTAL 


Seagents . — Sodium bicarbonate, U.S.P., powdered. 

Ethyl alcohol, 95 per cent, U.S.P., is treated with charcoal (Norif), filtered, redistilled 
on a water bath, leaving about 10 per cent in the distilling flask. 

Chloroform, U.S.P., is wa.shed with a small volume of dilute sodium bisulfite, and .iftc: 
redistilling twice on a water bath at 80° C., is stored in dark amber bottles. 

Amyl alcohol is prepared by washing fusel oil or amyl alcohol, Tech., four times nitl 
equal volumes of water, finally discarding the wash water. The remaining solution is distilled 
on a hot plate, collecting the fraction boiling between 125° and 1.33° C. After redistilling a 
second time to increase its purity, it is stored in dark amber bottles. 

Hydrochloric acid (0.5 per cent, 50 ml. of concentrated acid diluted with water to 
2,000 ml.). 

Permutit, according to Professor Otto Folin. 

Phenol reagent, Folin and Denis.i-* This reagent is prepared as follows: 100 gm. sodium 
tungstate dissolved in 750 ml. water, 20 gm. phosphomolybdic acid, and 50 ml. 85 per cent phos- 
phoric acid. The mixture is boiled for two hours, and after cooling is diluted to one liter. 

Sodium Carbonate, C.P. (saturated solution). 

The diazo mixture is prepared by mixing equal volumes of aqueous solutions of sodium 
sulphanilate (I per cent), of hydrochloric acid (0 ml. concentrated acid, specific gravity I.IS 
in enough water to make 100 ml.), and of sodium nitrite (1.1 per cent). The reagent sliouH 
be freshly mixed and allowed to stand for five minutes before using. 

Sodium hydro.xide (10 per cent). 

Ammonium molybdate, C.P. (10 per cent). 

Sulfuric acid (2.5 Normal). 

Ammonium vanadate, C.P. (2 per cent and filter). 

A morjfiiine standard containing 1 mg. of base per ml. solution is prejiarod by dissolniic 
0.3325 gm. purified morphine sulfate (C.,H., 03 N),n,SO, -t- 5H,0 in 250 ml. water. 


Extraction Procedure . — Tlie quantitative removal of morpliine from mi*'® 
was carried out bj’’ the Pierce and Plant’ procedure for dog urine. The pm 
cedure reported by them is as follows : 


“Sixty cubic centimeters of fresh dog’s urine are saturated with pow 


fdered sodiiini bi- 


sferred 


carbonate, giving a distinctly alkaline reaction to litmus. The alkaline urine is tran. ^ 
to a liquid-liquid extractor in which 110 to 125 c.c. of a mixture of one part ethyl a cii 
(95 per cent) and three parts chloroform has been placed, one-fourth the amount 
the extraction chamber, the rest in the extractor flask along with 0.5 c.c. of concen ^ ^ 
hydrochloric acid. Enough heat is applied to keep the solvent in active ebullition, * 
traction continued for ninety to one hundred and twenty minutes. This is equivalent to 
ing the alkaline urine with 10 to 20 volumes of the solvent, and removes all of the niorp 
along with the small amounts of other substances. The alcohol-chloroform extract i 


ferred to an evaporating dish, together with several small portions of 0.5 per 


cent aqueous 


hydrochloric acid used to rinse the flask, and evaporated to dryness on a water bath. 

The residue is then treated, first with 10 c.c., then twice with 5 c.c. of a 0.5 
hydrochloric acid, and the dish rinsed with two or three small portions of 
the combined extracts and washings, usually about 35 c.c., are transferred without 
to a 125 c.c. cylindrical separatory funnel and extracted three times with an equal vo 


a mixture of one part amyl alcohol and three parts chloroform. During 


each of the 


tions the funnel is shaken for five minutes in a mechanical shaker. The organic 
discarded and the aqueous solution saturated, in the funnel, with powdered s 
carbonate. The aqueous alkaline solution is then extracted three or four times 


_ solvent u 
sodinai bl- 
and 

to ten S'®' 


a half to two volumes of the amyl alcohol-chloroform mixture, shaking for five 
utes in each extraction. The combined amyl alcohol-chloroform extracts are then a 
with dilute hydrochloric acid and evaporated to dryness on a water bath. Prolong 
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of file tlrj residue from this or from fhc etU}l ilcohol chloroform oxtnct should be aioided 
The residue is then dissolved m a smtible amount of 05 per cent hydrochloric acid and the 
amount of morphine in it determined ” 

Fig 1 IS a photogiapli of the contimious liquid liquid extraetoi having a 
ma\imum capacitt of 70 ml of uiiiie ol the toim used hi Bails and Woift and 
modified by Pierce and Plant Poi cettam evpeiimental studies ue hate used a 
laiger liquid liquid extiaetoi, the extiaetion column of uliich was filled with 
glass heads to incieaso the suifaee aiea exposed to the extiactmg liquid This 


H AIKaline Urine 

^ £thi(l Afcohol-Chtomform 
Mijcture 

5] Acid £tht(l Alcohol- 
Chloroform Mixhre 


Fig 1 — Contmuoii5 iiquld liquid extractor 

extiaetoi so used has a maximum capacity of 150 mi and sepaiates satisfactoiily 
very small amoimts of morphine to he deteimmed by the implored Deeheit 
method We have fitted these extiactors with the interchangeable giound glass 
connections, made by Ace Glass Inc , tvlueh are especially desirable when dealing 
"ath small amounts of morphine in urine Unless special high giade eorhs are 
available, consideiable amounts of impiiuties aie extracted from them They 
also must be changed frequently', for the extraction reagents readily decompose 
them Rubber stoppeis are not xciy satisfactory, foi they swell consideiahly 
after several extractions 
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The Bcparation of Morphine From a Urinary Extract hy Cleans of Pcnmilit. 
— Four grams of iiermutit are placed in a 50 ml. volumetric flask and ivaslied 
hviee Avith distilled Avater, the supernataul fluid being" discarded. The urinary 
residue obtained after the CA-aporation of the organic solvent is dissolved in 
2 or 3 ml. of Avater and is transferred quantitatiA'cly by several Avashings to 
tliis flask. If insoluble matter is present after dissohung the residue Avitli Avatcr, 
it must first be removed by filtration, the small filter paper lieing thorougldy 
Avashed four or five times and all AA'ash Avater added to tlie permutit. Tlih 
solution is frequently shaken scA'eral minutes Avith the permutit for about liaK 
an hour to alloAv the moriohine to react A\-ith the permutit. After the permutit 
has settled to the bottom of the flask, the supernatant fluid is AA’ithdrami by , 
.suction through a draAAui tube or by decantation. The permutit is Ava.shcd three 
times Avith 10-15 ml. portions of distilled Avater to remove all soluble impuritic.'. 
The morphine concentration in the permutit is determined bj" any suitable 
colorimetric procedure. 

Great care must be taken not to Avash out any permutit from the flask. Flat 
bottom flasks, such as A’olumetric flasks, are much more suitable than graduated 
test tubes for the extraction of morphine by permutit, since they alloAv a larger 
surface area of permutit to be exposed to the liquid phase. 

The dissolved urinary residue must be neutral aa'Iicu it is shaken rvith per- 
mutit. If the solution should be slightly too alkaline or too acidic, morphine 
Avill not be removed quantitatively bj" means of the permutit. Those bases Avhose 
“strength” is represented by a dissociation constant of 5 x 10'®, or greater, 
are removed by permutit.^'^ Ammonia reacts Avith permutit but does not gi'S 
a color Avith any of the morphine color reagents, consequently enough permutit 
must be present to combine Avith both. Ordinarily 4 gm. of permutit are su - 
ficient to combine Avith morphine in a residue up to a concentration of about in 
mg. per 65 ml. of urine. One gram of permutit Avill comijletely remoAT l-O “’n- 
of morphine from a Avater solution. 

The complete remoAml of morphine A\'ith permutit from a solution of urmai? 
residue extracted by the regular procedure Avas tested by tramsferring the 
tion, after shaking with permutit, to a second flask containing permutit. 
solution Avas again shaken with permutit, after AA'hich it Avas discarded. ‘ 
permutit in each flask Avas washed three times AAntli AA’ater and finally tie< 
by the reagents used in the ncAv colorimetric method. Color deA^eloped m 
first flask as usual, but AAms absent in the second. A number of such tests m 
dicated the complete remoAml of morphine in the residue by peimiutit m am 


up to about 1.5 mg. 




A Colorimetric Method for the Determination of Morphine Using « ^ 
Reagent. — The removal of morphine from fresh urine is carried out bJ 


Pierce and Plant procedure, except that the acidulated residue from the 
liquid extractor is treated only once AA'ith the amyl alcohol-chloroform mi^ 
4.1,^ ^4? — 4. i — *4-1. i-n flip 50 Dli* 


After treating the solution of urinary extract -witli permutit in the 50 
umetric flask, the morphine concentration in the permutit is determm ^ 
orimetrically by the addition of 6 ml. saturated sodium carbonate an 
of Polin-Denis phenol reagent.^"* A blue color develops immediately ''' 
quite stable for a dajL The standards are prepared by the addition o 
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aniouiits of moiphinc to 4 gm of \\abhed pcimutit in siinilai flasks, follo’ivod by 
tieatmcnt sodium caibonatc and phenol icagent Tlie flasks aie filled to 
\olumc ^\^th distilled ^\atcl, the contents thoioughh nn\ed and, aftei t\^o or 
thi ce hoius, the niiknow us aic compaicd \\ ilh the staudaid lu a coloi imetci The 
use of a No RGl filtci (icd), made bj Jena Glass Woiks, placed m the eje 
piece of tlic coloumetci gieath facilflates the case in matching the eolois, es 
pceiallj if the blue coloi is \cij ueak 

This coloi test is \cij scusituc foi small amoiuitb of moiphme Amounts 
as low as 0 05 mg, diluted to 50 ml, can be icad m a coloiimetei fitted with 
the No RGl filtei Smallei amounts ot moiphme in a coiiespoiulnigh leduccd 
lohimc can be doteimincd, pioMded it is etitam that the solution is piacticallj 
fice of othei icdueing substances 

Uiic acid and phenols must be compUteh lemovcd fiom a uiiiiaii icsidue, 
foi thej gi\c a blue coloi with the phenol icagcnts Suite these substances do 
not icact with peimutit, tJle^ can he Jcmo\ed bj washing 


TvDLr I 

Rdomtn 01 MomiiiNb \m>Fi to Lrisi- 


TIjc recoitrj of ruorpUinc ndtkl to urino UHjnj: the liquid liquid e\tnction procc«s foi 
lowed by further puwiicntion witli n<*id aod nlkihuc oxrnttjons The color wts doreloped bj 
t)io addition of «odium cirbon'ito nnd phenol roi^cnt to tin* jornmtit 
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•Urine from a niorplilno id liet 

tWator solution exti acted in 1 «iiim1 JkjmhI exti ictoi 

tTrace of color due to extracted impuiities equivalent to 0 024 mg’ moipJiinc 


^iloiphine free urmaii e\tracts obtained fiom 65 ml mine treated with 
pemutit, followed bj the addition of sodium caibonate and plienol reagent, 
gave a eoloi in the final solution iiluch, nhen compaicd iiitli standaids, was 
cqunalont to 0 02 0 05 mg moiphine Small quantities of moipliine are un 
avoidablj lost in the extraction piocess This loss is nearlj compensated bj the 
small amount of coloi obtained fiom impuiities cauicd oiei from the urine 
Table I shows that \ai) ing amounts of moiphme added to mine haie been satis 
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factorilj" recovered by this method. Table II is presented to show the concentra- 
tion of morphine in the urine of two uncontrolled addicts. It is not intended tkf 
any conclusions concerning morphine excretion be dranm from this table. A de- 
tailed study on morphine excretion is in progress. 

T^iVKIiC II 

Morphixe Context of Uuikc from Morpiuxe Addicts 


Addict 1. Intake 160 mg. morpliine sulfate (120.3 mg. base) per day 


date 

URINE 

VOLUME 

MORPHINE BARE 
IN 70 ML. 
URINE 

morphine base per cent 

PUESF.XT IX 21- MORPHINE BISE 
IIOEE-IIKINE SPEC- EXCEETEP IV 
IMEX URINE 


ml. 

mg. 

mg. 

■per cent 

1/ 7/3S 

1-125 

0.320 

6.23 

5.19 

1/ S/.3S 

1350 

0.450 

8.69 

7.21 

1/ 9/38 

1375 

0.279 

5.18 

1.55 

1/10/38 

825 

0,685 

8.07 

G.70 

1/11/38 

SOO 

0.9.53 

10.90 

9.00 

1/12/38 

950 

0.408 

5.51 

l.CO 

1/13/38 

1150 

0.377 

7.80 

6.1S 

Addict 2. 

Intake 200 mg. 

morphine .'ulfato (150.4 mg. bafe) per 

day 

1/ 6/38 

1600 

0.37,5 



1/ 7/38 

1950 

0.393 



1/ ,S/3S 

1350 

0.500 



1/ 9/38 

1700 

0.3C8 



1/10/38 

2050 

0..32] 
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Diazotization Method for the Dclcrmhiation of Morpliine . — The diazo re- 
action used in tlie determination of 1-10 mg. morphine in a urinary’ residue 
prepared by’ tlie Pierce and Plant procedure is carried out by’ dissolving 
residue in 2 ml, of water followed by’ 1 ml. of diazo mixture and 2 ml. 10 P® 
cent sodium hy’droxide. After standing one and one-half hours, the solution 
is diluted to 10 ml. and the color compared in a colorimeter with a standard 
morphine solution treated in a similar manner. One milligram of morplun® n 
about the minimum quantity’ which gives a satisfactory color by’ the diazo re 
action when diluted to a final volume of 10 ml. 

A residue obtained from 50 ml. morphine-free urine treated by’ the above diazo 
reaction gave a similar red color which was too dark for a morphine-free urine. 
The color intensity was not constant for different morphine-free urines. 
recovery’ of 1.0 mg. morpliine added to 50 ml. of urine and extracted by 
usual manner gave in one instance a value of 1.5 mg. when compar®^ ui 
a 1.0 mg. standard. Apparently there are present substances other 
morphine in the urinary’ residue which give a color reaction with the 


reagents. 

An experiment was made on a solution of urinary extract in which a lai^"® 
portion of the interfering substances giving the diazo color reaction was reiuov 
from the morphine by’ means of permiitit. After washing the permutit ir 
times with rvater, the diazo color was developed by’ the addition of the > ^ 
mixture and the 10 per cent sodium hydroxide. The entire contents were 
for fifteen minutes on a boiling water bath. The color obtained was niu® 
than that from a similar residue not treated with permutit. 
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Tlic picsoneo of gas bubbles suspended in solution ulucli collected on the 
nails of the coloiimetei cups and jiiisms «as ficqiionth obsened ulule making 
readings foi moiphinc in mine To dttciminc nlictlici oi not the pzeseuco of 
these bubbles Mould cause significant sanations, an cspciinient nas earned out 
using a set of tbice 1 0 iiig morphine standaids After the addition of the diazo 
mixture and standing one and one half liouis, the colois did not match satisfac 
toril} uitli each otliei Anotliei set oi tliice standaids picpaied similailj, but 
Mitlioiit the pielimiiiaij one and one half liouis’ standing, nas heated fifteen 
minutes in boiling ivatei After cooling and adjusting the \olume to 10 ml , the 
colois Mete compaied Mith each othci Tim matched exacth Mith each othei, 
but Meie neailj tMiec as stioiig as the iinlicatcd ones No gas bubbles suspended 
in the solution mcic picsent Aftci the tMo sets of standatds Meie alloMed to 
stand foi tMciiti foiii lionrs at loom timpeiatiire, tliej MCie again compaied 
Mith each othci The coloi of the uiihcTted standaids compared exaetlj Mith 
each othci and had become daikti, ncails appioaebmg those of the heated ones 
The size and eoneentiation of these bubbles apjicaied to lan consideiabh Mith 
tune and tempeiatmo, tlum causing laiiabic leadings on the same sample In 
the absence of these bubbles in both the standaid and nnlaioMii, lepiodiicible 
coloumetuo leadings Meie obtained llie beating piocess neailj doubled the 
sensitmtj of the molliod and cleared the solution of suspended gas bubbles 
Mhieh interfoied Math the eoloiimetiic readings 

The Impiovcd Bed at Method — A Quahtatisc Piocedmc The presence 
of morphine in the uune of motphinc addicts maj lapidlj bo doteimiiiod b> 
making tMO extiaetions Mith ethil acetate follOMed bj the foimation of a 
morphine mol} bdate a anadato complex Approximate!} 35 ml of fiosh urine 
IS made alkaline b} satuiatiug it Mitli USP sodium bieaibonatc Aftei 
filtcung, 25 ml of the filtiatc is mcasiucd into a 150 ml separatoi} funnel To 
this is added an equal lolumc of ethil acetate The tMo solutions .aie iigoiouslj 
shaken for tMo or thico minutes and then alloMcd to separate The loMci Ia}er 
irlueh IS uiuie, is diauii off into a bcakei foi a repeated exti action Eotating 
the sepal atoi} funnel back and foith a foM times cuises small amounts of uime 
adhered to the Malls of the funnel to settle to the bottom foi remoial from the 
ethyl acetate Since it is not possible to icmovc all tiaces of uime from the 
separatory funnel b} draining, it is best to remove the etli}l acetate solution 
b} pouring it caiefull} from the top of the sepaiator} funnel into a dry filter 
paper and collect the filteied eth}l acetate in an evaporating dish Tiaces of 
urme earned oxer Mith the cthxl acetate solution aie xeix objectionable and must 
be kept to a minimum The sepanttd iiniic is ticatcd once again Mith etlnl 
acetate, Mhich, uhen separated from the urine, is added to the first portion Mith 
about 0 2 ml of 0 5 pei cent h}droehIoric acid and the entne xolume exapoiated 
to dryness 

The residue is dissolved in 15 ml of distilled Matei and 0 2 ml of 25 N 
sulfuric acid To this is added 02 nil of 10 per cent ammonium molvbdato, 
Mhieh on standing about ten to tvvent} minutes, pieeipitates most of the im 
purities flora the solution but docs not remove an appieeiablo amount of 
morphine The precipitate is lemoved bj filteiing the fluid through net What 
man No 42 filtei paper, about 30 mm in diameter, into a graduated cjlindei 



THE JOURKAL OF LABORATORY AND CLINICAL ilEDICINE 


The evaporating dish and filter iiaper are washed with tliree 0.5 ml. portions 
of distilled water, the washings being added to the first filtrate. The total 
volume should not exceed 3.0 or 3.2 nil. Two drops (0.1 ml.) of 2 per cent 
filtered ammonium vanadate are thoroughly mixed with this clear filtrate. After 
standing for a short period of time, a turbidity sets which appears as a white, 
finely divided, granular substance, remaining in suspension for a long time. Tlie 
degree of this turbidity is roughlj’- proportional to the amount of morphine pres- 
ent. In the absence of morphine there maj' be a slight precipitate in suspension, 
which is clear and translucent, but when examined by direct light at an oblique 
angle does not appear white and finely divided. Amounts of morphine as low 
as 0.03 mg. in 25 ml. of urine can readily be detected. 

Occasionally a urine will form an emulsion Avith ethyl acetate which does not 
separate readily even after long standing. The emulsion can best be broken up 
by filtering it through a diy filter paper. If not all of it passes through the 
filter, the remaining portion is transferred to another dry filter paper. Ethyl 
acetate ivill not pass readity through a Avet filter paper. 

The oi’iginal Deekert method AA’as modified, after a number of attempts to 
detect the presence of small amounts of morphine had failed. "When larger 
amounts of the drug Avere present, a positive result Avas obtamed. Studies were 
then carried out to determuie the factors responsible for changes in the sensi- 
tivity of the method. In addition to morphine large quantities of impurities 
are extracted by the ethyl acetate AA’hich are precipitated by ammonium molybdate 
and ammonium vanadate. These impurities must be separated from morphine 
as AA'ell as possible to prevent them from masking the morphme reaction. Tb's 
separation Aims accomplished by precipitation of the impurities Avith ammoniu® 
molybdate at the isoelectric point follow^ed bj" filtration. Morphme molybdate n 
not precipitated in concentrations ordinarily found in these experiments nor is 
an appreciable amount lost Avith the precipitate by absorption. Nitric, hydro- 
chloric, and suKuric acids Avere tested in the separation of these impurities 
and for the formation of the morphine-motybdate-vanadate complex. The be^ 
results AA'ere obtained by dissolving the urinary residue in 1.5 ml. Arater, follo've 
by the addition of 0.2 ml. 2.5 N sulfuric acid. After adding ammonium mob 
date, filtering, and washing the filter paper, there must be a definite acid co“ 
centration in the total filtrate to obtain the maximum separation of the morphmo 
molybdatewanadate complex by the addition of ammonium vanadate. E-’icoss 
acid in the solution increases the solubility of the complex. It appeared t a 
Avith sulfuric acid the moi'iihine-molybdate-Amnadate complex Aims more 
divided and remained longer in suspension. Varying the concentration of f ® 
ammonium molj^hdate had no apparent effect on the separation of impurities 
on the formation of the morphine-niolybdatewanadate complex. It is necess 
that the final volume does not exceed 3.0 to 3.2 ml., or otherwise less morp 
molybdatewanadate complex aauU separate out. After the complex has sepaia > 
the solution may be diluted to a volume suitable for nephelometric measi 

ments. _ 

Tests were made to shoAv the relath'ely high concentration of moip 
molybdate-A’anadate complex AA’hich ncA’cr separates out of solution. After a 
the turbid solution to set for seA’eral days, it Avas centrifuged, and the superna 
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* fluid icmoicd bj decanting Both the siipci natant fluid and tlic pieoipitate 
neie tested uifli sodium taiboiute and pbiiioi leagent Wlieii the tnial lolnmes 

E in both iieie made equal, the toloi in the supcinatant fluid uas daibei than that 
^ fiom the precipitate No coloi was obtained fiom the leagents in tlio absence 
of moipbine The ciidonce is clcai that the amount of moipliine piecipitated 
ji as the moiphinc moljbdate ^anadatc tomplc\ depends on a luimbei of factois, 
I r such as the aeid concentiation, the \oUimc m «htch it is piecipitated, the amount 

• of impmities not icmoied, and llic tempeiatuie ot the solution These factors 

- 1 iiuist be caiefnllj contiolled bcfoic the luctbod can be used satisfactorilj as a 

quantitatn e method 

No tiubidity lias been obtained in anj sample of uiine fiee of raoiphine 
, 01 other comnionlj used dings The picsciicc of <1111111110 111 iiiiiie giics a tin 

biditj uliich scpaiatos out inimcdialcli asaicllow floeciileut piecipitatc Piia 
, midoii (4 dimetbjl amino antipMine) giies a tiubiditi siiiiilai to morphine 
After standing foi a nuniboi of boms pMaiiiidon piodiices a blue green to blue 
coloi, uliicli IS not obtained b\ moipliiiic alone It piiamidon is suspected, ad 
j. ditioiial tests should be made foi its idoiitificilioii The aboie test foi the detco 

I j tion of niotpliiae in luiiio should ahiajs be coufiiracd faj one or moie additional 

, tests The Jlaiquis 01 riolide ic.igeiits „ne ilmiattei istii coloi reactions £01 

moiphme uben added to a lesidne obtained bj c\tnetmg an alkaline uinie tilth 
cthjl acetate 01 ollioi oiganic soKents 

^ B Qnantitatno Biocedme Tins piineiplo maj be used quite satisfae 
toulj in determining scmiquantitatitelj teij small amounts of moiphme A 
seues of test tube standaids tteie piepaiod bt adding taijnig amounts of 

I" 1 \BI,E lit 


TeaoiiuTt Obtuned Fbom \rpt Smvli Amounts of Mopphine 



AJfOUNT 01 ^tORPmV^ ADDED 

APDE^JANCE OF FIAAL 


ro 25 i[L UPtAF 

SOLUnON 





0 00 

Cle’ir 


0 01 

Clear 

r 

0 02 

\ erj fnint trace 


0 03 

Definitely positne 


0 05 

Strong 


0 07 

Stronger 

i 

0 09 

Jtueh stronger 

012 

\ erv 'itrong 


(. morphine to 25 ml of moi phiiic fi ee urine and then e\ti acting each sample 
tiiice tilth ethtl acetate, folloned bt the usual piepaiatioii of the raoiplnnc 
V moltbdato tanadate complex The amount of moipbine piesent in the mine of 

in most addicts tias so high that 10 ml uimc was usnallj sufficioiit foi a satisfae 

I( torj compaiison ttitli a piepaied staiidaid The nnknouns tieio allotted to 

p stand at least ttio houis bcfoie they ttcre compared tiitli a standard When the 

[,1 turbiditj ttas teij high, it ttas citliei diluted sufficicntlt to match uitli an ap 

p' propiiatc standard, 01 a stioiiger standard ttas piepaied If a tiirbiditj is teij 

high, it IS not easj to determine small diffeiences in moipbine conecntiations 
,(• Table III sliotts the lelatitc tuibiditj obtained bt using teit sinal! amounts of 
aioiphme 

l! 
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Further attempts were made to make the turliidity method quantitative. 
The procedure for morphine extraction described liy Pierce and Plant ivas 
used in the following experiments. The final residues were treated similarly 
to those obtained from the ethyl acetate extractions. The morphinc-molybdate- 
vanadate complex separated out as fine, white particles which remained in sus- 
pension for a long period of time. The presence of excess amounts of impurities 
caused the morphine compound to coalesce and precipitate faster. Efforts were 
made to compare the turbidity^ with an aqueous morphine standard similarly 
prepared, using a Bausch and Lomb nephelometer and a “Cenco” telopliotom- 
eter. One hour after the addition of ammonium vanadate the final volimie was 
diluted to 10 ml. and compared with a .standard. Satisfactory results were ob- 
tained for very small amounts of morphine (Table IV). 


Table IV 

Eecoveby or Morphine Added to Urine 


uraNE 

VOLTJJIE 

itORPIUXE ADDED 

TO UniKE 

morphine 

nECO^^:RED 

EXPERIMENTAL 

ERROR ^ 

Vll. 

mo- 

wo- 

mg. 

30 

0.00 

0,000 

0.000 

50 

0.05 

0.050 

0.000 

30 

0.10 

0 . 09 " 

- 0.003 

30 

0.10 

0.09S 

- 0.002 

100 

0.10 

0.099 

■ - rO.OOl 

130 

0.10 

0.091 

0.000 

50 

0.10 

0.098 

- 0.002 

50 

0.10 

o.oss 

- 0.012 

25 

0.10 

0.095 

- 0.005 

05 

0.10 

0.100 

0.000 _ 




followed by further puriHcation with acid and alkaline c.xtraction. The morphine-i 
vanadate complex was prepared as usual. After standing for forty-five minutes, , LUa 

adjusted to 10 ml., and a comparison made with a similarly treated aqueous morphine s'a 
by means of a nephelometei. 


When the amount of morphine exceeded 0.25 mg., unsatisfactory results 
were obtained. The morphine-molyhdate-vanadatc particles clumped togetier 
into large particles w'hich precipitated rapidly. Under such conditions it vyas uot 
possible to make satisfactory comparisons with a standard. The turbidity' o 
tamed from urine specimens always precipitated more rapidly than that from 
aqueous morphine solutions. 

Attempts were made to stabilize the turbidity by the addition of ghuth gum 
or arable gum. Both of these substances prevented the formation of any tur 
bidity. 

When ordinary stopcock grease was used as the lubricant on the e.vtractor 
and separatory funnels, low recoveries were often obtained. VTiien the lunric*^^ 
was replaced hj' glycerol, less morphine was lost. Considerable grease was 
ways extracted by the organic solvents and was carried over in the final rcs^ 
due, thus preventing the complete transfer of morphine from the eyapora 
dish. Small amounts of glycerol do not intei'fere with the formation o 
turbidity. 
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SU3mAR\ 

1. Morphine may be dctciminc<l quantitatively in concentrations ranging 
fiom OOS to 3 0 mg. per 100 ml luim* b\ a new eoloiimetnc method The 
morphine is extracted from tlie urine bj* the Pieice and Plant procedure, using 
the continuous liquid-liquid extraction pioccss followed by acid and alkaline 
extractions. Tlic iinal residue dissolved m vvatci is fiuther purified by means 
of permutit. Morphine combines with permutit, winlc most other reducing sub- 
stances are removed by washing The morphine is finallj' determined eolor- 
imetricallj' after the addition of sodium cailionatc and Folm-Dcnis phenol 
reagent to the permutit. 

2. The determination of moiphine in uime by the dia-io reaction has been 
modified and its limitations discussed 

3. Tlic presence of morphine in the unne of moiphme addicts may rapidly 
be determined by making two oxtiactions with cthvl acetate and the subse- 
quent production of a moiphine-molybdate-vanadate complex A turbidity ap- 
pears wliicli is roughly proportional to the moiphine concentration and maj^ be 
compared with a prcpaicd standaul Moiphine eonccntiations as low as 0 03 
mg. in 25 ml of urine can readily be detected 

4 The turbidity pioduccd by the mot plime-molvbdatc- vanadate complex 
has been dev’cloped into a quantitative metliod for small amounts of morphine 
extracted from urine by tlic Pierce and Plant pioceduie A nopholomctcr is 
used for comparing the unknowm turbidity with a standard 
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TUBERCULIN TEST, Intracutaneous, Paretsky, M. Am. Rev. Tuberc. 38: SI, 1938. 

A series of 400 “ double test.s has demonstrated that the rcponal variation of 
specific skin hiTpersensitiveness to tuberculin is a factor of a practical significance. 

A series of 500 " double " te.sts has yielded results seemingly indicating that the lie- 
lerioration. of tuberculin does not affect its potency to a degree definitely distorting the oof- 
come of the intracutaneous reaction. 

A series of 400 “double” tests has revealed that the “tenacity” of tuberculin 
undoubtedly exerts a distorting effect on the result of the intracutaneous reaction, Se- 
picted in our series by a curve which reached its peak wlien the 1:100,000 solution of oil 
tuberculin was used, and which came down to its lower levels with the increase of the con- 
centration of the solutions of old tuberculin. 

A series of 100 “double” tests has apparently failed to demonstrate a noticeable eM 
of tile size of the wheal produced by the injected tuberculin on the size of the reactmf 
skin area. 

A scries of 100 “double” tests has gir-en results suggesting a probable somwlat 
retarding effect of alcohol -on the intracutaneous tuberculin reaction. 


PNEUMOCOCCUS TYPING, Concentration Method Applicable to the Neufeld QuelW 
Reaction in Sputums, Taplin, G. V., Meneely, G. E., and Hettig, E. A. J. A. 

111: 410, 193S. 

1. The entire specimen of sputum is emulsified by drawing it up in a small {- t-®-) 
syringe and mi.ving it thoroughly in a sterile Petri dish until all large particles arebro'M 


10 

2. Into a sterile centrifuge tube is placed 0.5 c.c. of the emulsion, and from 6 k ^ 
c.c. of physiologic solution of sodium chloride is added, depending on the viscosity o 
sputum. This mi.xture is emulsified by drawing the diluted specimen back and forth m » 
sterile 10 c.c. pipette. 

3. The emulsified .specimen is put in the centrifuge at 1,000 r.p.ni. for two or 
minutes to remove cells and detritus, the bacteria remaining in the supernatant fluid- 


4. The supernatant fluid is transferred to anotlier tube, which is put in 


tlie centrifuS* 
about 0.25 


at 3,000 r.p.m. for ten minutes, after which the clear fluid is poured off, leaving 
c.c. above the sediment. jjj. 

5. The bacterial sediment is resuspended in the small remnant of supernatant u 
shaking, and the lesulting suspension is used for the tj^iing tests. Before the susp 
mixed with specific typing sera, two drops of methylene blue are added and mixe 
this suspension, the organisms being allowed to stain before the Qucllung 
place. This has been used because in many cases when the sera and stains are a 
taneously, the organisms swell before they stain and may be difficult to recognize. 

As a result of this procedure, the Quellung reaction takes place quickly, and 

immediately. Detection of capsular swelling is rendered much easier by the lack o 
detritus and by the larger number of organisms in the field (from 10 to 300 
mersion field). No injury to the capsule has been observed as a result of ^ 

with phj'siologic solution of sodium chloride and centrifugation. No false pfot- 

tions have been observed. The suspension and washing of sputum in saline so^^ Q^elIoBg 
ably removes the soluble .substance that causes agglutination, and failure of 
reaction in other highly concentrated specimens. With this technique high y co 
suspensions may agglutinate but they never fail to swell. 

3E0 
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GONOCOCCI, A New Contrast Stain for Meningococci and, Sandiford, B. E. Bnt. M. J. 

May 28, p. 1155, 1938. 

Any Gram teclmique to «hich the worker is partial may be followed up to the end point 
of decolorization, but the following is strongl.> recommended, e»pcciallj the use of acetone, 
which IS c‘’«iential in order to obtain complete decolonzntion of the cell nuclei before counter* 
staining. 

Initial Stam 

Ciystal Molct 1 gm. 

Alcohol (98 per cent) 20 c c. 

Ammonium osalatc (1 per cent aqueous) 30 c c 

1. Lea^o this mixture on the heat fixed film for tliirtj seconds 

2. Flood off with triple strength Lugol’s iodine (as u'^cd in Jensen's modified Gram 
stain) and lea^e on for thirtj seconds. 

3. Pour off the excess iodine and blot once 

4 Decolorize with acetone for three or four «econds 

5. Wash. 

0. Put on the counterstam for two minutes. 

7. Flood off with water — do not wash — and blot 

Contrast Counterstam 

Malachite green 0 05 gm 

Pyronme 0 13 gm 

Distilled water 100 0 cc 

Note: There arc two \nrictiC8 of pjionmc “B” and “G,” tho former being almost in 
soluble in water. Pyronme (Grublor) is apparently pjronine “G,^’ as it is freelj soluble in 
water. 

Keeping QucliUca" The following «!tatcmonts arc based on haphazard observations only, 
during the use of solutions kept in ordmarj bottles at room temperatures under 20“ C : 
Crjstal violet stain keeps for about a month and deteriorates after sis weeks Counterstam 
keeps for at least three wcck<!, possibly longer, 100 cc m a staining pot maj be used for at 
least 150 small smears 

TUMORS, Multiple Primary Malignant, Eisenstaedt, J. S J A M. A 110: 2056, 1938. 

A man wlio died in 1930 had been operated upon twentj one years before for adeno 
carcinoma of the kidney. He later was affected with two other primary cancers m distinct 
&nd separate organs, one of which, that of the prostate, produced motastases to the lungs 
and IjTnph nodes All three cancers were diagnosed clinically. 

It is the autlior^s belief, after a rather complete sunej of the literature, that* 

1. Multiple primary cancers are more frequent than arc reported. 

2. They occur more frequentlj than chance alone would explain. 

3 The percentage of multiple primary malignant tumors to be reported lu the futuie 
Will bo higher than that recorded m the past, because 

(a) More people are reaching advanced xcars, a period in which the incidence of cancer 
IS generally high, (b) Since the inauguration of cancer clinics and commissions throughout 
the woild, cancer patients have been more concentrated and more thoroughly studied (c) Bet 
ter results arc being obtained m the treatment of cancer than heretofore (d) As a result 
of longer sunnal after treatment for a single primarj tumor, time is afforded for the 
development of subsequent piimary cancers (e) Autopsies are more widely xlonc and with 
greater thoroiighne-iS than in the past 

4. Some factor, as jet unknown, possiblj liereditnrj or hormonal in nature, plajs an 
important part in suscoptibilitv to malignant disease, and the varied responses to environment 
in different individuals depend on this unknown element 
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TISSUE: Staining of Acid-Fast Bacilli in Paraffin Sections, Fite, G. L. Am. J. Path. 14; 
385, 1938. 


The optimal staining of acid-fast bacilli in tissues involves fixation in an alcoholic 
medium, removal of mercuric deposits ndth iodine followed by alcohol and sodium thiosulfate, 
and staining in a 1 per cent solution of new fuchsin in 5 per cent phenol and 10 per ceat 
methyl alcohol. 

If a potassium dichromate fixative is used, the period of fixation must be brief and tlic 
tissue thoroughly washed, and the section must be treated with potassium permanganate and 
oxalic acid. 

Time and materials are wasted in trying to stain acid-fast bacilli in tissues subjected 
to prolonged passage in formaldehyde or decalcifying fluids. 

To ensure the maximal staining possible under the conditions of fixation, the sections 
should be stained: 


After alcohol fixation, at 20° 
at 37° 
at 00° 
at 90° 

After all other fixation, at 20° 
at 37° 
at 60° 
at 90° 


C. — two to eight hours, 

C. — one to four hours, 

C. — ^thirty minutes to two hours, or 
C. (steaming) — five minutes; 

C. — sixteen to twenty-four hours, 

C. — twelve to sixteen hours, 

C. — eight to twelve hours, or 
C. — five minutes. 

Under good conditions bacilli may be adequately stained in much shorter periods of tme 
than these. Bacilli not stained by fuchsin in the maximum times given will not bo stained 
by further treatment. This is the point to which the duration of staining is best carried. 
Prolonged staining at room temperature is preferred. 

New fuchsin as a dye for acid-fast bacilli is much superior to basic fuchsin. 

When, in Zenker fl.ved tissues, fuchsin fails to stain bacilli rcsistantly, they may some 
times still be stained by Gram’s stain, by the acid-fast method using crystal violet, or i 
the fuchsin-formaldehyde method here recorded. 

The following stain is recommended: 

New fuchsin 1 gm. 

Phenol crystals 5 gm. 

Methyl alcohol 10 c.c. 

Distilled water to make 100 c.c. 

The dye is wholly dissolved in the mixture of alcohol and phenol, and the distilled vafe 

is added, not too rapidly. The solution should be clear and not require filtration, r 
is so readily precipitated by a wide variety of substances that to maintain the full s 
distilled water of high purity must be used. The solution preserves indefinitely, but it 
be remembered that evaporation of 5 per cent by volume, which will largely be 
precipitate dye to a much greater proportion. Solutions left in Coplin jars lose strcUo 
rapidly. 

TUBEKCUIiOSIS, Bromsulphalein Test and. Blood Cholesterol in Pulmonary Tubercul 

Levinson, S. A., and Siegal, H. A. Am. Eev. Tuberc. 38: 229, 1938. 

The bromsulphalein liver function test and blood cholesterol were studied m .jt 
of far-advanced pulmonary tuberculosis. These tests can be used as an index in o P 
of the disease condition. _ . i-.-tes es- 

The combination of hypocholesterolemia with bromsulphalein retention m 

treme gravity. funetioB’' 

The hypocholesterolemia and bromsulphalein retention may be related to t le 
activity of the reticulo-endothelial system, as evidenced by the greater demand for e , 


T)0 

by the organ. The degree of stimulation of the reticulo-endothelial system can 
by the amount of bromsulphalein dye retention. The greater the stimulation the gr ■ 
retention, of the dye. 


ire^ 
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TUBERCULIN; Mantoux Tests With the GottschaU-Bunncy Diluent for, Clark, B, Am. 

Rev'. Tubcrc. 38; 270, 1P3S. 

A total of 1,G4S Mnntoux tests ucro performed from December 15, 1930, to Maicli 19, 
1937, comparing tuberculin froshlj ilihitctl in saline with that reailj tliluted in the diluent of 
Gottschall and Bunney. 

The results of these tests seem to indicate that the read} diluted tuberculin is as efficient 
as the freshl) diluted tuberculin and retains its poteocj when kept at room temperature for a 
period of at least one month. 

Tuberculin ready diluted 1.10,000 and incubated thirtj dajs at 37“ C. shoued some 
deterioration eridenccd by a difference in induration of the Jlantout reaction Although 
the sizes of the reactions nerc comparable, the induration nas not quite as hard as that caused 
by freshly diluted material. 

RETICULOCYTES, Demonstration of, With Wright’s Stain, Kitchen, S. T. Stain Teehnol. 

13; 107, 1938. 

A 0.3 per cent solution of the stain in absolute, acetone free methjl alcohol was used, 
and in making moist preparations a thin, cten film of the djo was spread on a glass slide. 
A small drop of blood was placed on a coicr slip nhuU was then inverted on the slide and 
the preparation sealed riith \asohnc 

Tho reticulocj'tes shoned up quite as numcrousl} as thej did when brilbant crosyl blue 
was simihriy applied, although a little more slouly In sucli preparations the reticnlum 
appeared not infrequently in the form of filaments which usually had a tendency to interlace, 
sometimes qmto deasclj, so that there was a compact mass m tlie center of tho red cell, or 
perhaps eccentrically placed. At other times the mtorlaciog network nas more loosely formed 
and traversed tho cell liko a band. Jlost frcquentl) the reticulum was observed to assume 
a different morphologic character. This nas a branching form nliich gave it an appearance 
not unlike moss In such instances it ms fuzzy and much less well defined. A reticulocyte 
might exhibit as little as a single small Y shaped branch, or tlie branching forms might be 
scattered quite profuselj throughout the cel! Regardless of what form the filamentous 
reticulum assumed, one or more mctachromatic globules, larjing considerably in size and 
exhibiting Brownian moiemcnt, were occasionally observed In some instances these globules 
were isolated and at other times m intim.ntc rclation«hip luth the filamentous material 

Dry slide preparations were made bj' spreading a niodeintely heavy film of the 0 3 per 
cent dye solution on a glass slide, and when this nns dry, superimposing a blood smear thin 
enough so that the individual cells were separated Wright’s stain was then used as a counter 
stain m the usual way. In the«c preparations tho reticulum usually appeared as gianulcs 
of varying size and number. The intensity of the staining reaction varied greatly, as well 
as the amount of reticulum so precipitated In some cells there was observed a light sprinkling 
of very fine granules, while others were packed with heavily stained, short, thick rods Still 
other reticulocytes might contain a relatively small number of larger, coarse granules which 
were frequently irregular in outline. 

HEPATOSPLENOGRAPHY; Histopathologic Study of Tissues of 65 Patients Injected 

With Thorium Dioxide Sol for, Yater, W. M, and Whitmore, E. R. Am J M Sc 

195: 198, 1938 

Necropsies have been performed on G-1 patients at intenals of a few days to three 
years after the infection of an aierage dosage of 75 cc of thorotrast for the purpose of 
making hepatosphenograms In no case was there any e\idence of injury to the tissues nor 
cellular reaction that could be ascribed to the presence of the thorium diovide 

A subcutaneous nodule was evcised from the arm four years and five months after the 
injection of thorotrast accidentally into the subcutaneous tissues Thorium dioxide was waUed 
off by douse hyaline conncctno tissue, the nodule resembling those found in the lungs in 
iiodular silicosis Nowhere was tliere any oiidence of injuiy to the tissues nor cellular 
reaction other than the primary reaction resulting in the walling off of the thorium dioxide. 


REVIEWS 


Books and Monographs for l?evicw' should be sent direct to the Editor, 
Dr. Warren T. Vauglian, Professional Building, Bichmond, Va. 


Digrafia- 

'“PHIS monograph describes a new method of roentgenography for the study of movisg 
organs. The principle involved is briefly a series of narrow parallel slats which oompWdj 
cover a film, and which are hinged at the ends in such a way that every other slat may bd 
opened at a given time for one exposure, and at any desired interval thereafter the otkt 
half of the slats are opened to make the second exposure. One half may, therefore, he opea 
during systole of the heart and the other half during diastole — both of these being, tIieiefo«, 
recorded on the same film, permitting accurate comparison of area, range of motion, etc- fk 
principle can be extended in such a way as to include even more exposures on the same filss. 
The method would appear to have distinct possibilities and certain definite advantages owr 
roentgen-kymographs. 


Sulfanilamide Therapy of Bacterial Infectionst 

pBBHAPS, not since the discovery of salvarsan ha.= the introduction of a neu" clieoa- 
■1 therapeutic agent aroused more interest than tliat following the introduction of sa a 
nilamide. 

Despite the fact that its mode of action and its limitations are still far from clear! 


understood, that this compound possesses remarkable potentialities is becoming niote 


and 

more erddent so that this volume, representing a careful survej' by workers of e.rpcrreiite, 
is one to be read with the greatest of interest and profit, , 

The book begins with a comprehensive survey of the literature dealing with the 
fonamidc compounds, including a survey of their experimental and clinical use. Tins 
lowed by a section dealing with the authors’ in vitro experimental studies of sulfonamuic 
their results in the treatment of streptococcal and pneumococcal infections in animals aa 
their experience in the treatment of pneumonia and streptococcal meningitis in man. ^ 
Section III discusses the mechanism of tlie action of sulfonamide. Section B 
cusses general therapeutic considerations and the criteria of therapeutic efSciency. 

An addendum of IS pages reviews studies which appeared after tlie manuscript n 
to press. 

"While presenting a comprehensive survey of the literature it must not be thoug 
this book is a mere compilation of abstracts. On the contrary, the authors on every 
show emdence of ability to evaluate the studies of others as well as their own and of a 
concept of the complexities involved in the study and evaluation of chemotherapy. , 

This is not only a timely book, a thoughtful book and one presenting a well- a 
consideration of experimental and clinical evidence; it is a valuable contribution of mm 
importance. 

This book should bo read by all who are interested in the chemotlierapeusis of 

Imprenfa. Anmrrod 


*DiSraf!a. 

Buenos Aires. 

tSuIfanilamide Tliei-apy 


By Guido Pollitzer, JI.D. 104 pages, 41 illustrations. 


of Bacterial Infections, With Special Reference 


to 


Caused bv Hemolytic Streptococci, Pneumococci, Meningococci and Gonococci, "vj.yi Gr»s-. 
Mellon. M.D., Director, Institute of Pathology, Western Pennsylvania Ho^um. pi- 

M.D., Pathologist to the Institute : and Prank B. Cooper. M.S., Kesearch Chemis 
stitute, Clotii, 398 pages, 84.00, Charles C. Thomas, Springfield, 111. 

33i 




BOOK REVIEWS 


335 


The Foot 

'^HAT this book should ln^c reached n second edition is not surprising:, for it presents in 
■t an cmmentl} simple nnd pmctic*!! manner a distussion of ailments, the import ineo of 
nluch Ims not abvajs been emphasized to the pi utitioner 

Tho present edition is enriched hy a considerable increase in the number of illustra 
tion'?, find also bj a rcMsion and addition to the text 

As before, this book nia> be recommended an one of practical \alue to the practitioner 


Handbook of Practical Bactenologyf 

'T’HIS deser\odI> popular I^nglish text remains, as bcfoie an cmmentlj practical guide to 
bactcnologic laboratorv i\ork and as «5uch can be well recommended 
It has been thoroughlj rcMsed to embodv the changes and advances winch liavc tal en 
place In the four jears since the last edition 


Clinical Chemistry and Practical Medicinef 

T T IS not surprising to find tliat this book has reached a second edition, for it is an ex 
^ cellent and practical exposition of particular value to the practicing phjsiclan 

biochemistry has become an important and almost indispensable adjunct to clinical 
inedjcino In this book the physieiort mil find n clonrcut nnd comprthenszio discussion 
nf its practical application to the problems of every dav medicine 


Clinical Atlas of Blood Biseases§ 

'^HOUGH small in size, this volume contains a wealth of readily assimilable information 
and that it has reached a fourtli edition is not surprising 
J\ve new plates have been added in the present edition, and the text has been re 
vised in accordance with the advances in the field of hcinatologv 

The physician, the pathologist, and the labor Uory worker will find this book a 
valuable addition to the working reference library 
It can be recommended with enthusiasm 


The Troubled Mmdtf 


AS STATED in the preface, the purpose of this book is to pre^^ont in simple terms a 
descuption of mental and nervous diseases, with particular emphasis on the psycho 
path as a disturber of the public peace 


’The Poot By Noinian C Lake MD MS DSc FRCS Senior Suigeon and Lecturer 
on Surgerj Charing Cross Hospital etc Cloth cd 3 366 pages 113 illustrations $4 50 

w illlam XVood S. Co Baltimore aid 

tHandbook of Practical Bactenologj Bj T J Mackie MD DPH Piofe^sor of Bac 
^riologj Universitj of Edinburgh and J E McCartnej MD DSc Director of Research and 
Pathological Services London Count} Council Cloth 586 pages $4 00 X^llllam Wood S. Co 
Baltimore Md 


Unlv 

Medl 

Co 




Cu 


Medicine Bj C P Stewart Lecturer in Eiochemistr} 
M Dunlop Chnstison Professor of Therapeutics and Clinical 
Cloth 372 page*! 38 Illustrations $4 00 William Wood & 


_ iClInical Atlas of Blood Diseases B> V Plnej MD MRCP Consulting Plnsiclan 
International Clinic Tunbridge X\ ells etc nnd Stanley X^>ard MD MRCP Plijsician the 
Cancer Hospital London etc Cloth ed 4 127 pages 42 illustrations 38 m color ?4 50 
I Blni^lston s Son ^ Co plilladelphia Pa 

■^fT^ Troubled Mmd A Studv of Nervous and Alenti! Diseases B\ C S Bluemel MA 

Md^ PVCp MRCS (Tng) Cloth 520 pages $3 aO William® WilKms Co Baltimoie 
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The book is dhdded into eight main sections: I. Mxed Ideas and Eeactions; IL 
Psychoneurosis — ^Its Manifestations; III. Psychoneurosis — ^Its Nature and Causes; li'. 
Traumatic H3-steria; V. Clinical Tj-pes of Inhibition; VI. Sundry^ Disorders; Vn. Mental 
Illness; and VIII. The Patient’s Eole in Therapy. 

It is quite evident from the text that the author has had an extensive and compre 
hensive experience, and also that he has the ability to discuss a complex subject in a 
clear and understandable fashion. 

A glossary is appended for the lay' reader. 

Those who read this book will undoubtedly have a, better understanding of tie 
mental mechanism and a clearer appreciation of the disturbances to which it is subject. 


A Textbook of Bacteriology’" 

T his second edition, written in considerably' fewer pages than the average textbooi 
on bacteriology, seeks to present only' the fundamental and definitely' accepted phase-' 
of the subject. The book is concise, practical, and sufficiently' complete for the beginner. 
This is quite in keeping with the feeling of the author: that the beginning student or 
practitioner cannot assimilate the subject matter given in the more inclusive textbooks. 


Pathological Techniquef 

Ty VEEY laboratory must appreciate the appearance of Dr. Mallory'.? now presentation 
of pathologic techniques. 

“I have undertaken the writing of this book as a result of many' requests for a nio3 
ern presentation of accepted pathological techniques,” Dr. Mallory' writes in beginniDo 
the preface to the book. ‘ ‘ Technical methods are constantly' changing in pathology as m 
other branches of science. The wisest plan in issuing a book like this seems to be to re 
tain the best of the past and to add only' the most promising methods of the present. 
author has done just that, and in the same degree of excellence that characterized the o 
Mallory' and Wright of more than a decade ago. The new publication retains only the at 
cepted techniques of the past, and includes the more modern procedures which up until no?’ 
have been accessible only in the foreign literature or individual publications. 

Por years the pathologic laboratory' has felt the need for such a book as Dr. Mallory 
and a cordial welcome is assured. 


A 


General Bacteriology^ 

COMPEEHENSTME textbook of general bacteriology intended especially for the 
student. The fact that the book has reached a twelfth edition speaks for its n- 
ness. Dr. Burrow’s revision considers the field of bacteriology from the broader po 
view, especially clinically, leaving, as indicated in the preface, the more special la o 
procedures to manuals of bacteriology. 

*A Textbook of Bacteriqlo^'. By "^urman B. Rice, A.M.,_M.I)., Frofessor B- 


and Public Health, Indiana University School of Medicine. 
Saunders Co., Philadelphia, Pa. 


Cloth, 554 pages. 


Pathological Technique. By Frank Burr Mallory, A.M.. M.D., S.D., Consulting Fad 
» Boston City Hospital. Cloth, 397 pages, $4.50. W. B. Saunders Co., Phna fgjjor ot 
tGeneral Bacteriologj'. A Textbook. By Edwin O. Jordan. Ph.D., Formerly ™p,.ofes 5 or 
riology. University of Chicago. Revised by William Burrows. Ft’-F*-. ^®|l®'§„unaers Co- 


to the 


Bacteriology. -- „ „„ 

of Bacteriology', University of Chicago. Cloth, ed. 12, 825 pages. $6.00. 
Philadelphia, Pa. 


B. Saunders 
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CLINICAL AND EXPERIMENTAL 


JUVENILE DIABETES MELLITUS 


A CowAVRATn r Study of Stvndxrc Insulin, Cii\sr\LLiNE Insulin, 
Protvmine Insulin, \nd Hcx\ML\r Insulin 


Hen«\ M Flinbl\tt, j\IP, Brookl\n, N Y 


CRVSTALLINE INSULIN 

TN 1926, AbeP lucjmiccl a custallinc insuhn This piopaiation of insulin, 
* because of expense of pioductiou and tcohiueal difficulties, uas unsuitable foi 
use m oiu gioup of cases 

In 1934 35, Sahjim^ pioduecd a ci\sfalhuc picpniation of msului uitli a 
lo\s nitrogen content and an assaj value of 25 to 25 5 units pci mg dry ^\elght 

A gioup of 11 cases uas selected from tiic diabetic clinic and admitted to 
the hospital foi the study \uth ci^stallmo msuim^ Si\ of the patients weic 
betueen 10 and 17 jcais of age, 4 wcie betneen 20 and 25, and 1 uas 50 jeais 
old 

The diets and insulin dosage wcic constant and identical with the patients’ 
legiilar loiitine The loutinc diets \aijed with lelation to size, weight, and ae 
tmty of the individual patient 

This study revealed that low blood sugars aio sustained foiii horns longci 
with cijstalhne insulin than with standaid insulin 

PKOTAMINE INSULIN* 

Out of a group of 400 aetuc, ambulant, diabetic uiduiduals treated with 
piotamine insulin foi o\ci eighteen months, the fiist small group studied was 
selected foi this repoit 

Diets and insulm dosage had been established Blood sugar was dctei mined 
ut two hour inter\als, and comparatne giaphs of the blood sugar le\els on 
regular and piotamme insulin woie made thioughout the expeiiniental peiiod 
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The diets were prescrilied to conform with the habits of the patient and the 
family and included a late meal at bedtime. The low ratio was 3 carholiydrates 
to 1 of protein and 1 of fat ; the high ratio 5 cai'bohydrates to 1 of protein and 
1 of fat. The entire group showed a gain in weight, and in some the diet had 
to be restricted to prevent olicsitj'. 

The unit value of protamine insulin was found to be greater and more 
lasting than the unit value of standard insulin. Our dosage was calculated 
upon the basis of 80 per cent of the dose of standard insulin. 

We were pleased by the absence of ketonuria and the decreased incidence 
of lipemia in this group under protamine insulin tlierapy, especially as the pres- 
ence of acetone breath and acetonuria was almost a constant findhig in these 
diabetics controlled with standard insulin. 



Pis. 1- — Composite graph of 11 cases showing blood sugar levels at two-hour inter\als u 
administration of standard insulin and ciTstalline insulin. 


Obviously, this insulin precipitate is remarkably effective in stimulating 1^® 
completion of fat metabolism and thus eliminating ketonuria from diabetes. 

Oiu' juvenile dialieties frequently showed blood sugar levels below 
and Avere entirelj^ free of S 3 ’^mptoms at such levels. This level ivas, thcic 
taken as a routine safe and comfortable margin for those under protamine 
sulin therapy. 

A modification of this level was considered for those patients of 
or over, Avith or Avithout cardiac disease or hypertension, because this tjT® ^ 
monlj' reacted at sugar levels in the neighborhood of 70 mg. For these cases 
loAV level of 100 mg. has proAmd most satisfactorjL 

Blood sugars AAmre examined at tAA'o-hour intervals throughout the tive 
four hours, and an average Avas determined for each case and for the group- 
The curve of periodic variations in a group of 30 cases of juvenile dm 
rcA'ealed a continuous sustained drop Avhich reached its loAvest level at mi ° 
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Fiff. 2 ^—Eleven ca.s€s treated successively with standard protamine and hexaminc lnsulin< 
Same number refers to same patient in each graph. 
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The average blood sugar level was 177 Dig. Claude Bernard’s tliresliold 
value of 170 mg. was decided upon as the average optimum diabetic threshold 
level. 

During the first twenty-four-hour period after injection of protamine in- 
sulin, a drop in blood sugar liegan during the fifth hour and continued to the 
end of the twenty-four hours. During the second twenty-four-hour period, the 
sugar curve showed a continuous rise after the morning injection which reached 
a plateau in five hours and was followed bj*^ a drop which reached its lowest level 
twenty-four hours after injection. 

The average curve on protamine insulin therapy, as shown on the graph 
by the dotted line, demonstrates a sinelike form. This makes it possible for 
the application of a formula which would show a direct relationship between the 
high and low peaks and the dailj'^ average levels. 

Protamine insulin adjustment was established at the end of the third dav. 
The unit value of protamine insulin was found to be 20 per cent greater than 
the unit value of regular insulin. In the group studied, the intercipient use of 
standard insulin conflicted with the efficiency of protamine insulin and was 
eliminated. 

The introduction of the protamine preparation of insulin ivas a tremendous 
contribution to the treatment of diabetes. The practicality of a single dailj 
injection encouraged both the patient and the physician to favor insulin therapv. 

There has been, however, some hesitancy on the part of the medical profes- 
sion to fully utilize this new therapeutic factor because of the following reasons: 

1. Fear of allergic manifestations. Such reactions liave occurred in our 
group and are decidedly more common with protamine insulin than with stan - 
ard insulin. 

2. Delayed response. On the basis of the average, there is an immediate 
response in a lowering of the blood sugar with standard insulin. With protaraffi 
insulin, the response is not evident until the sixth hour. Because of this e- 
layed response, the rise in blood sugar caused by brealefast is not checked .t 
protamine insulin. Most investigators found it necessary to use intercipw 
doses of standard insulin to check this early rise. This often resulted in a siw' 
mation effect expressed in insulin shock. 

3. Insulin shock. Attempts to lower the average blood sugar levels b} 
creasing the dose of protamine insulin (because of the sinelike charactei 
the blood sugar curve) also lowei’s the low points and results in 

4. Character of the precipitate. The precipitate, on standing, * 

it is only with difficulty that it can be shaken into a homogeneous mix 
Strengths higher than U-80 clog the 27 gauge needle, and the larger needles a 
objectionable. . . • of 

5. Local reactions. Annoying local reactions occur at site of 

more than 1 c.c. protamine insulin. They are in the form of hard, firm, 
nodules, which persist two or three days and are gradually absorbed m 
discoloration. _ 

6. Character of shock. Shocks caused by protamine insulin, as 
with those produced by standard insulin, last longer and do not respo 
quickly to the ingestion of carbohydrates. 
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iir'i.unM insuuv- 

In the course o£ oui cstigations, one of mj cowoihois, Dr ‘SYarburton, 
de^ eloped a compound of insulin and licxainctlij Iciie tcti amine using 0 25 grains 
of hcxamuic to 1000 units of insulin 

The particles of the piccipilatc ucie icii fine and could ieadil> pass 
through the 27 gauge needle in sticngtlis as high as U 1000 

IVe then found that this piecipitate could be dissolved on cither the acid 
or alhalino side and that it would lepiecipitatc at the pH of the bodj tissues 

This pieparation could be buffcicd and was noiiiiritatiiig The alkaline 
buffered solution was as stable as protamine insulin and, when cleared, could 
be used in anj coiicoiitration 

rourtecn of the most scveie cases of juvenile diahctes wcic selected for the 
studj of hcxamiiio insulin This gioup ineli.dcd those patients ticatcd with 
standard, eijstallinc, and piotamine iiisulm 

The dosage of insulin and diet which wc have touiid iieccssarj to maintain 
these patients in a satisfactoij mental and phvsical state was used as a cri 
tenon for this studj In each case the hevamine insulin was administeied in a 
single daily dose Blood sugar detcimmatioiis were made at two and four 
hour intervals tlnoughout the twenty tom hours 

An average of 12 cases on regular insulin showed a diop of 200 mg m 
blood sugar four hours after the fiist injection and anothei diop of 200 mg si\ 
bouis after the second injection 

Protamine insulin icsuKod in a low moinnig peak of 120 mg at 6 00 Ast, 
and blood sugar levels of 230 mg and 250 mg at 8 00 v vi The fiist eight hours 
aftei injection of protamine insulin weie eharacteiizcd by high sustained levels, 
the average being 350 mg 

"With hevamine insulin the aveiage morning blood sugar level was 180 mg 
In general, with tins insulin the avciage curve fluctuates between 140 and 170 
mg thioughout the entire day 

The absence of ketonuria was as striking with bexamine insulin as with 
protamine insulin This insulin also lias a specific effect in decreasing polyuria 
111 those patients who complained of it both with standard and with piotamine 
insulin Shocks caused by boNamine insulin respond immediately to the in 
gestion of small amounts of carbohy drates 

A single dose of hexaminc insulin may be substituted for two to four divided 
doses of standaid insulin One dose of hcvamine insulin produces a blood sugar 
curve similar to the one produced by four divided doses of standaid insulin, but 
with decided constriction in the range fluctuations of blood sugar 

All the hexamine insulin used -vias prepared h\ Edgar A Ferguson 

The author is indebted to Dr Alpert for his clinical and laboratory assistance 

bepebcnces 

1 Abel Cr^ stnlhne Insulin, T Fharmncol & Exper Thcrap 31 Go 1027 

2 Sahjun M Modification of Tolin and Wu’s Mctliod for Sugar Ectermination; J Lab 

Cun Med 21 1089, 1936 

3 Pemblatt, H M , and Ferguson, E Keport of Comparative Blood Sugars m Diabetes 

■Witb Standard Insulin and With Kew Improved Insulin, M Fee 145 67, 19S7 

4 Fcinblatt H M, Alpert, B, and Ferguson, E Protamine liisnlinafe in Juvenile Diabetes, 

M Eec 145 3G6, 1937 

1 Feinblatt, H , M arbuiton, E , Alpert, B , and Ferguson, F Hexanune In«ulin Paper norv 

in preparation 



ATMOSPHBEIO POLLEN OP NASHVILLE, TENN.« 


EvANcmwE Bowie, M.D., Nashvieoe, Tenn, 


N ashville is located in tlie middl-e Tennessee Basin. A record of llie 
pollen content of the air was obtained from an elevated statioa on tk 
campus of Peabody College, which is located in the western residential sectioa 
of the city. This elevation is in the path of winds bringing in pollen im 
the wooded hills around the city. 

The technique employed for cafcJiing atmospheric pollen, and the metiioi 
of counting are described by Wodehouse.^’ - jMelted fnehsin glycerin jelly 
was placed on slides to cover an ai-ea equal to a No. 0 cover glass. Bxposcm 
were made in a horizontal position on the roof of a five-story dormitory. 
Slides removed were warmed, and in order to prevent flattening of the polto 
grains, it was often necessary to add an additional drop of melted jelly before 
applying the cover glass. 

The relative abundance of fall elm pollen is s}}ou'n in the accompany®® 
graph for the fall of 1936 and 1937. The source of this pollen is a fall flower- 
ing elm, Vhmi^ serotina Sargent, which is native to middle Tennessee aad 
Kentucky. Gattinger® states that it was discovered in 1878 near the groimils 
of Vanderbilt University^ The increase in amount of fall elm pollen and fte 
decrease of ragweed pollen during 1937 as eompai’ed with that of 1936 may 
be explained by a difference in rainfall. During the growing season of 193/; 
the rainfall was sufSeient to keep the trees in heavy foliage, and the eft'ed 
of shade may have been a factor in the decrease of ragweed. 

Black aucl Durham^ .state that fall blooming elms of the South may oso?® 
some pei'plexiijg problems during the ragweed season. Their cliart of polk^ 
counts in Dallas, Texas, shows fall elm pollen from cedar elm, Ubnvs 
folia Nutt, reaching a peak during the second week of September, 1929. 
elm, Vhmts parvifolia Jaeq., which flowei’S in the summer or fall, has been 
introduced into the United States, and may become of some imporfanc® 
the future as a source of elm pollen. 

The first grains of giant ragweed {Ambrosia trifida) are caught aronad 
August 15. Later the grains of dwarf irngweed (A. clatior) appear. 

Artemisia pollen is one of the most abundant varieties of fah poh®’®' 
Artemisia amnia is found in the city and is commonly called Siveet ' 
sweet wormwood, or annual woi'mwood. 

Chenopod includes the pollen of lamb’s quarters (Cti&nopodwni 
Mexican tea (G. ambrosioides), Jexmsalem oak (C. bofrys); pigweeds 
thes hijbridus and A. sphiosns); and bmmiug bush (Kochia scoparia Be • 

« I ’ I ' II I 

•Read Ijefore the Botany Section at the Portv-Eirst Meeting: of the Tennessc .f 
of Science, Nashville, Tenn„ Nov. 26, 193T. 
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Grabs polloii is found in binall amutinls from spriii'j to fz’ost. Blue grass 
(Poa pratcnsis) and orchard grass (Dacttjhs glomevata) flower in April and 
Jfay. Rye grasses (Lohum prrc?j»c and L. jutiltiflonim) are planted for a 
winter cover, and bloom in Jlay and June. Bermuda aaid Johnson grass 
bloom during the summer and fall. Other species of grass which are con- 
tributory to hay fever occur in this region. 



Chart 1 — RecoJd of the atmospheric pollen of Nash\illc, Tenn , during the summer and 
laii of 1936 and the jear of 1937. The distance between the horizontal lines represents 16 grains 
“i. pollen caught on an area of 3 5 so cm duung tnenU-four houis (Continued on pages 314 
ana S45). 

During 1937 the percentage of tree pollens ivas larger than that of grass 
and weed pollens. Spnng rains and rapid changes in temperature account 
for sliarp peaks and depressions of tree pollens. 

Elm pollen is oue of the earliest spring pollens Some anthers map be 
found shedding pollen during warm days in January. 'Winged elm (Ulnius 
“Jala Miclis.), American eim (V. amertcana), and slippery elm (V. ftilva 
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Miclis.) are native spring blooming elms. Dwarf elm (V. pumila), commonly 
called Chinese elm, was introduced about ten years ago, and numbers of these 
trees are now blooming in the spring. 

The total maple count is low. Aequarone and Gay'* found, by exposure 
of slides near maple trees, that maple pollen was not carried more than a few 
rods by ordinary breezes. 



Chart 1. — Cont’d 

Silver leaved poplar (Populus alba) blooms early in the spring, 
followed by cottonwood (Populns deli aides Marsh.). f 

Juniper: Eed cedar (Juniperus virginiana) grows in the cedar 
middle Tennessee. 

Hornbeam; The pollen of the hornbeam, Carpinus betula, and th® 
hornbeam, Ostrya virginiana Willd., is included under this title. 

Practically all the different species of oak are represented, which acc 
for the long -period during which oak pollen is found. 
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Birch trees occur very sparingly and the pollen is negligible. 

A large quantity of beech pollen is blown into the city from the sur- 
rounding woods. 

Haokberry trees are very abundant in Nashville. Pollen of the two 
species, Celtis occidcniatis and C. mississippimsis Bose., was not differentiated. 

Maclura: Osage orange (31. pomifcra Schiieid.-) sheds a large amount of 
pollen during hfay. 



Chart 1 . — Cont’d 


Mulbei'rj': Under this head are included white mulberry (Moms alha), red 
nnilberry (M. ruhra), and paper mulberry (Sroussonetia papyrifera). The 
pollen of paper mulberry predominates. Bernton® has shown that osage orange, 
white and red mulberry, and paper mulberrj'' have a generic relationship in 
causing hay fever. 

Walnut and hickory pollens closely parallel each other in time of ap- 
pearance. Black walnut (Juglans nigra), white walnut (J, cincrea); shagbark 
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hickory (Carya ovata Mill.), mockernut (C. alba), and pignut (C. glabra Wl] 
are found in the city and surrounding Avoods. 

Sycamore: Platanus occidentalis and P. oricntalis are along the drivewaj-s 
of the campns. 

Pi-ivet (Ligmtrmn vidgare) is used on the cainiins for hedges, and allowed 
to bloom profusely. 

SUlIlIxVRY 

A study of the atmospheric pollen of Nashville, Tenn., during the summer 
and fall of 1936 and the year of 1937, is presented in the form of a chart and 
briefly discussed. 

Attention is called to the presence of fall elm pollen in order that its 
importance in allergic conditions mas^ be considered. 
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THE EFFECT OF COPPER AND IRON UPON THE SECONDAKY 
ANEMIA OP THERAPEUTIC MALARIA IN GENERAL PARESIS* 


Purcell G. Schube, M.D., Boston, Mass., and 
Blake D. Prescott, iM.D., Hartford, Conn. 


T he value of copper as a supplement to iron in the regeneration of hemo 
globin was demonstrated first on anemic rats in 1928 by Hart, Steenho<!'’ 
Waddell, and Elvehjem.^ They shotved rather conclusively that soluble ii'O)' 
garde iron salts in the presence of copper could be used to stimulate hemogW 
formation. Since the publication of this work, a number of other indiviau 
have studied the effect of copper and other metals in conjunction v'ith 
on hemoglobin production in anemic animals and in man. Most ot 
studies have verified the conclusions of Hart so that todaj^ although it 
been demonstrated that copper is not the only element which, when given M 
iron, stimulates hematopoiesis, px’acticallj’’ everyone is in agreement that copp 
can be a most active catalyst in the stimulation of hemoglobin synthesis. ^ 
In the course of our work on the treatment of general paresis with nia _ 
we have been frequentlj’^ annoyed and worried by the secondary an 
which almost invariably resulted. At times these anemias were excee 
alarming, not only in their intensity, but also in the persistency with w i 

•From the Boston State Hospital, and the Neuro-Psychiatric Institute and Ho-P 
the Hartford Retreat. 
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the} remained aftei the tciiiuiiation of the malaiia, and iirespective of the 
institution of oidiiiar} non oi Inci theiapj The combination of coppei with 
iron nas instituted in some of these cases, and the results being sufficiently 
promising, it ^\as decided to stud\ the pioblem caiefulh It is the purpose 
of this papei to pieseiit the lesults of this stud} 

METHOD 

111 eacli instance the pioeeduie uas the same Tlie hemoglobin and led 
cell counts ueic deteimincd ucekh befoie, and thioughout the administration 
of the coppci and non TJie dings* ueic aluajs administered oral!} in 
gelatinous capsules, a capsule being gnen thiee times dail} Each capsule 
contained 32 mg of non and 10 mg of copper The red blood cells were 
counted b} the usual pipette and counting cliambei method The hemoglobin 
was detei mined chemicall} 

The contiols ueic of three t\pes (1) a gionp of patients uith anemias 
of unlciiown origin, the} A\eic gi\cn the copper and non and the late studied 
at which the led blood cells and the hemoglobin letmned to noimal, (2) a 
group of patients with geneial paicsis, the} weie gnen tlieiapeutic malaria 
but no copper and non, and the piogicssion and legiession of the resulting 
anemia eaicfull} e%aluated, (3) a group of geiieial paretics who were given 
malaria theiap^ and at the same time 32 mg of feiions iron until their anemia 
had disappeared 

RESULTS 

Eleaeii adult nidniduals with aai}ing giades of secondaij anemia weie 
gnen the copper and iron capsules as descubed The effect of this tieatment 
upon the anemia of the group is shown m Cliait 1 

Tourteen adult geneial paietics weie gnen malaiia as a theiapeutic 
measuie The effect of the malaiia on icd cell counts and hemoglobin of the 
gioup is shown in Cliait 1 

Unity one adult geneial paietics weie inoculated with therapeutic malaria, 
and the iron tieatment was staited at once The effect of the non on the 
anemia of the gioup is sliowii in Cliait 1 

Thiit} seven adult general paietics weie inoculated with therapeutic ma 
laiia, and the coppei and iron tieatment staited at once I he effect of the 
combination of these two dings on the lesnlting anemia of tlie group is shown 
m Chart 1 

A siir\e} of this mateml hi mgs out the following facts 

G)oup 1 Secondary Anenua of Unknown Ougin — In this group of cases, 
8 responded to the copper and non with inci eases in red blood cell counts of fiom 
560,000 to 1,070,000 oaei n peiiod of fiom two to fouiteeii weeks Eight 
lesponded with nicieases ni hemoglobin of fiom 10 to 20 per cent o\ei a 
period of two to foniteen weeks Usiiall} the iiici eases in the hemoglobin and 
led blood cells accompanied each othei, although the mcieases were not all 
piopoitionate The coppei and iron m the quantit} used, therefore, does 

.. 'The copper and Iron preparation used was Copperin A manufactured bj Mjron L 
Walker inc 
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increase vexy definitely tlie percentage of liemogloljin and number of red Wood 
cells ill secondary anemia. It is felt- that tlie ability of these two cbemioals 
to decrease a secondary anemia being established for this studj’-, any difterences 
observed in groups 2, 3, and 4, are probably due to copper and iron. 


Group 2. Indvccd Secondary Anemia in Malaria-Treated General Parefia 
hui Untreated With Copper and Iron. — ^In this group the hemoglobin reaeLed 
its lowest point in four to eight iveeks after the fii’st temperature eleratioB. 
In one case the lowest lienioglobin was obtained one week before the malaria 
was terminated ; in 2 it was reached in the same iveek the malaria was termi- 
nated ; and in 11 cases the lowest hemoglobin was reached one to five weeb 
after the malaria had been terminated. The time required for the henioglobia 
to reach a eoneeiitration of 80 per cent from the termination of the malaria 
was four to eleven weeks. The lowest hemoglobin percentage in the cases 
ranged from 36 to 58 per cent. The i-ed blood cell count reached its lowest point 
in three to ten weeks after the fir.st temperature elevation. In one ease fe 
lowest red blood cell count was obtained one week before the malaria iras 
terminated; in 3 it was obtained on the same iveek the malaria was termi- 
nated ; and in 10 cases the lowest red blood cell count wms reached one to six 
weeks after the malaria was terminated. The time required for the red blood 
cells to reach their highest concentration from their lowest concentration was 
four to eight xveeks. The time required for the red blood cells to reach their 
greatest concentration from the termination of the malaria was four to elWH 
weeks. The lowest red blood ceU concentration in the group ivas 1.98 to 3.51 
millions. The changes in the red blood cell concentration roughly paralleled 
the changes in the hemoglobm percentage. 


Group 3. Induced Secondary Anemia of Malaria-Inoculated General PnrchK 
Treated With Iron. — In this group the hemoglobin reached its lowest point m 
three to eight weeks after the first temperature elevation. In 2 cases the 
lowest hemoglobin was obtained one week before the malaria was terminakd, 
in 5 it was reached on the same week the malaria was ended ; and in 24 eases 
the lowest hemoglobin was reached one to three weeks after the malaria ivas 
terminated. The time required for the hemoglobm to reach a coneentratwn 
of 80 per cent from its lowest concentration was one to nine weeks. Tlie 
required for the hemoglobin to reach 80 per cent from the termination o£ 
malaria was one to ten weeks. The lowest hemoglobin percentages m ^ 
cases ranged from 37 to 68 per cent. The red blood ceU count reached Us 


point in three to eight weeks after the first temperature elevation. 


In 4 cases 


the lowest red blood cell count wa,s obtained one week before the malaria 
terminated; in 9 it was obtained in the same week the malaria was ended; an 
18 cases the lowest red Mood cell count was reached one to four weeks aftei 
malaria was terminated. The time required for the red blood cell con 


to mac 

latcs! 


I’each its highest couceutration from its lowest concentration was one 
weeks. The time required for the red blood cell count to reach its gc® 
concentration from the termination of the malaria was one to ten weeks. 
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lonest red blood cell coiicentiatioii in the gioup nas 2 to 3 million Tbe 
ebaiigcs 111 tlie led blood cell coiieciitiatioii loiigbh paiallelcd the cliauges in 
liemoglobiii peieentage 

Group 4 Induced Sccondat tj Ancmta of Malat m Inoculated Genci al Pat ehes 
Treated With Coppci and hou — In this gioup the hemoglobin leached its 
loiicst point in one to file iieehs aftei the fiist tempeiatme eleiation In 4 
cases the loiiest lieiiioglobin i\as obtained one nccL befoie the malaiia iias 
feinnuated, and in 33 it nas icaelied one to thiee weeks aftei the malaria 
was terminated The time leqiiiied toi the lienioglobni to reach a concentia- 
tioii of 80 per cent fioni the loircst coiieentiation nas 0 to fiie neehs The 
time required foi the hemoglobin to leaeh 80 pel cent fioni the teimination 
of the nialaiia ivas one to tliiee iieeKs The lonest hemoglobin percentages 
in the cases langed from 47 to 77 pel cent The led blood cell count leached 
its lonest point in one to font neehs aftei the first tempeiatuie eleiatioii 
111 13 cases the lonest led blood cell eoinit ii.is obtained one iveeh befoie the 
iiialaiia ivas teimniatcd, iii 4 it nas obtained in the same neeh the iiialaiia nas 
ended, and in 20 cases the lonest led blood cell count nas reached one to 
tno neehs after the malaiia nas teimiiiated The time lequned foi the red 
blood cell count to reach its highest concentiatioii fiom its lonest coiioentra 
tion ivas one to fiie neehs The time icquiied foi the led blood cell count to 
reach its gieatest coueeutiation fiom the teiiiiiiiation of the nialniia nas one 
to five neehs The lonest icd blood cell eonceiitiatiou in the gioup was 2 5 
to 4 million The changes ni the led blood cell eonceiitiatiou louglilj paral 
leled the changes in hemoglobin peieentage Theie nas appaientlj no rela- 
tionship between the number of chills induecd bp the malaiia and the changes 
ni the hemoglobin and rod blood cell counts 

Chart 1 illustrates the aieiage tieiid of the hemoglobin i allies in gioups 

1, 2, 3, and 4 The led cell curie so closel.i painlleled the hemoglobin curie 
that this lattei is not piesented 

Chart 2 illustiates graphicalli the essential facts presented in gioiips 1, 

2, 3, and 4 

DISCUSSION 

A general survey of this studj noiild tend to establish in oui cases the 
follon mg facts (1) The administration of eoppei and iron does stimulate 
hemoglobin aud red blood cell formation This is iiell illustiated m the cases 
of group 1 In these oases tbe combination increased the hemoglobin and 
red blood cells quite consistentlj in most instances (2) In malain treated 
general paretics (group 2) the hemoglobin and led blood cells were both 
depressed, and increased oiili aftei the termination of the malaria This 
return to noimal was a slow process, often requiiuig many weeks (3) In 
malaiia tieated general pareties (gioup 3) when feiious non was adminis 
tered regularli from the time of the malarial nioeulatioii to the leturii of the 
blood pictiue to normal, the average curies of depression and lecuperation 
of the blood pietuie weie approximately the same as those in group 2 
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When, ]iowever, the lowest hemoglobin and red blood cell values and fteit 
distances from the first tenipei-aturc elevation were studied, it was found tliat 
there was a definite shift of some of these low values awaj' from the first 
temperature elevations. And when the distances from the lowest liemoglohin 
and red blood cell counts to the last (or fir.st normal) hemoglobin and red 
blood cell counts were studied, it ivas observed that the distance (time) of 
hemoglobin and red cell recovery ivas lessened. The secondary anemias of 
group 3, moreover, ivere not as profound as those of group 2. (4) In malaria- 
treated general paretics (group 4) ivhen copper and iron were regularly admia- 



istered from the time of the malarial inoculation to the return of the 
picture to normal, the average curve of depression and recuperation of f 
blood picture as illustrated in the hemoglobin curve in Chart 1 u’O® ‘1“' 
different from those of groups 2 and 3. The curve dropped slower, and be o 
it had dropped half of the di.stance of those of group 2 or 3, it began to n* 
again and reached normal far more rapidly tlian those of either group 2 
As is shown in Chart 2 the time from the first temperature elevation to 
lowest hemoglobin and red cell counts was usually shorter, and the i® 
to normal was geuerallj'^ more rapid. This lessened severity of the an 
coupled with the fact that it was more difficult for the malaria to produce 
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anemia and the fact that the red blood cell counts and hemoglobin ^Ye^e 
rapidlj' restored to normal by means of copper and iron, would indicate that 
these chemicals are of value in combating the anemia incurred by malaria. 
There was no evidence that they interfered in any way with the therapeutic 
benefit derived from the malaria ; nor did these drugs interfere with the tem- 
perature rises in any way. Tlic copper and iron, furthermore, did not inter- 
fere with the action of tryparsamide when this latter drug was administered. 
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^Ve also feel that they can be used with impunity in dosages much larger than 
the ones used in this study. It is highly probable that such larger dosages 
would be more satisfactory than the smaller ones we have used. 

Our work indicates, moreover, that the reticulo-cndothelial system of man 
can be stimulated to sucli an extent that it can minimize the devastation 
wrought in the blood stream by malaria. It also indicates that the malaria 
did not materially affect the retienlo-endothelial system of the cases studied 
2nd thereby intensify the anemia produced by direct blood destruction. 
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SUMMARY 

A study of the effects of coppei’ aud iron on the secondary anemia of 
therapeutic malaria in general paresis is presented. The results ivould indi- 
cate that these two drugs are of value in lessening the severity and durafion 
of this type of secondary anemia. 
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STUDIES IN BONE MARROW'' 


Abraham S. Gordon, M.D., F.A.C.P., Brooklyn, N. Y, 


T he bone marrow is one of the mysterious and intriguing organs or tissue 
in the human body. In its significance it may be compared to the centra^ 
nervous system. There are some similarities and also striking differences be- 
tween these two tissues. Nature must have considered both very important vte!' 
it protected tliem ivitli a liard, resistant, skeletal system — the only two tissues 
in the body which are enclosed within a bony casing. Both tissues show a qnieb 
response to any injury or danger involving the general organism. Oftentimes 
the hone marrow will show changes, as evidenced by the circulation, long hefow 
any other evidence is apparent. On the other liand, while the central nervous 
system is the most higldy specialized tissue in the body, the hone marrow is the 
most embryonic tissue, and is the only tissue in the body which is persistent ss 
such throughout life, with the exception of such elements as the splenic 
and several other minor foci of the reticnlo-endothelial system. The hone row- 
row in contradistinction to all fixed tissues, is a potentially wandering tissue ® 
that its elements, which are the product of its activity and proliferation, are 
future wandering cells, scattered throughout the circulation and tissue space-', 
in all parts of the body. _ , 

Up to a very short time ago only tissue pathology of the hematopoiebe 
system has been studied intensively, cellular pathology having been consmera . 
neglected since the days of Virchow. To Sabin and her co-workers is ^ 
good deal of the credit for the I’evival and development of the supravital wc ' 
of study, this method having been dormant for many years since its inccptiu" 
at the beginning of this century. Her work aceomplislied in this field is 
mental and has helped gi'eatly in the revival of the study of cellular patiioOt-’ 
about which so much is lieard now, especially from the standpoint of the vc 
endothelial sj’stem and hematopoiesis. It is from this latter standpoint tliat 
work was undertaken. The elements of the marrow rather than its Ins o ? 


•From the Department of Patholosy, the Jewish Hospital, BrooWyn. 
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structure Mas the aim of tins stiidj , and the imcstigation consisted of a study of 
the quantities of the diffeicnt tjqies of cells pci unit lolume of bone man on, the 
relative pioportion of the various elements to one aiiothei, and the character 
of the different cells iii thou vaiious stages, of diffciciitiation Beginning with 
the difleicnt tjpes of ceils as thej aic found m tlie cii dilation, classified and 
uiiclassihcd, vvliicli types nie more common and abundant in the bone maiiow 
where earlier foiins aie discernible, it was hoped to follow these elements in 
then vaiions stages to then origin m the foims of the priinordnl blood cells 

The difficulties encountered in the stiidj of the bone niarroiv maj best be 
summarized by quoting some vvoiheis in this field (Doan and Zeifas, J Exper 
Sled 46. 531, 1927) "Anj attempt at a quantitative estimation of the vaiious 
ccUulai elements mahing up the bone niaiiovv must, in the vcij nature of the 
suive}, alvvajs bo open to nianj questionings the limitations inlieient in any 
teclmic used, the fallacies inescapable in tijnig to diaw an> gcncial deductions 
fiom oven 1,000 oi 2,000 cells counted out of the multiple millions present in anj 
funetionuig bone man on, the much debated questions of identification and 
classification of imniatuie forms, the nianj factois Known and iinlmovvn affect 
mg hemopoiesis in aiij paitienlai indivulua! all of these and moie iiiaKe it 
neecssarj to be coiiscivative in the diawiiig of deductions fiom anj one limited 
senes of observations oi in trj mg to compait the figiues obtained fiom different 
mvestigatois ” 

Accordingl}, this study is picscntcd mcielj as interesting data, observations, 
and method of procedure Use was made of matciial as it boinme available at 
the postmortem table, without rcfeiencc to anv paitieiilai type of disease or 
group of cases The investigation included all ages and langod fiom birth to 
extieme old ago, with a vaiiety of diagnoses ui ever} stage of life 

The same piinciple was used as that fox counting the cells in the ciicula 
tion, an acetic aeid solution for the nucleated elements, and a citrate solution 
for the red cells as well as all elements The method maj be termed "The 
Dilution Method ” In all cases only iib mairovv was used for the quantitative 
estimation In most cases one part of marrow was diluted in nine parts of 3 
per cent sodium citrate solution, and 2 per cent acetic acid solution, thus giving 
a suitable dilution foi couatuig, and a convenient factoi for calculation Some 
eases required a modification of this proportion 

METHOD or PROCEDUBE 

Special tubes, 7 5 cm in length bj 7 5 nun in diameter, were used These 
tubes vveic graduated m tenths of a cubic centimeter One of these tubes con 
tamed 0 9 c c of 2 per cent acetic acid solution, and another tube 0 9 c c of 
3 per cent sodium citrate solution To eadi of these tubes weie added Dice of 
bone marrow, and the tubes weio shaKeii gently foi about fifteen minutes 
The sepal ation of the marrow fat and its rising to the surface of the solution 
not onlj did not mteifere with the counting process, but aided it considerablv 
in that the counting cliambei was almost free from fat particles The few cells 
vvhicli were enmeshed in the fat did not make any appiceiable difference in the 
results The dilutions were then drawn up into the proper blood counting 
pipettes to the 0 5 oi 1 mark, as the case requiicd, depending upon the con 
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Flff 3 — Bone marrow smear from a case of noeloblasllc Icucemla 



Plgr 4 — Smear of bone marrow sho^fne meRakarj ocj tea Note their comparison with the other 
bone marrow elements 
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sisteney of the marrow, and the rest of the pipette filled with the appropriate 
solution. The pipettes were again shaken for about ten minutes, and the counts 
made in the Neubauer hemocytometer. The calculations were made accordingly. 

In all cases the total number of all cells and the total number of nucleated 
cells were counted separately from the different pipettes in different counting 
chambers. Then the total number of red cells and the total number of nucleated 
cells were counted separately in the same chamber of the citrate solution, and 
the two independent figures for the nucleated cells from the two different solu- 
tions were compared. In no case were the final figures recorded unless the two 
separate figures corresponded, allowance having been made for the average tech- 
nical error. All nucleated cells were counted in one group, comprising all 
myeloid cells ; all nucleated red cells, including normoblasts, megaloblasts, and 



Pig:, a. — Anotlier type of megakaryocyte -with a smooth and vacuolated cytoplasm- 


still earlier forms of the crythroid series; all lymphoid cells, as well as en » 
thelial cells and all forms of unclassified cells. In some cases, when indiaa c , 
the megakaryocytes were counted separately. The further subdivision 


of 

for 


these cells becomes a problem for differential study of the stained smear, 
attempts were not made to differentiate the various types of cells in the eoim ^ 
ing chamber. The results obtained are presented in tabular form, gin^^; 
sex and age of the patient, the clinical and pathologic diagnosis, the 

nucleates* 


red blood cells and nucleated blood cells per cubic millimeter of blood as 
in the circulation a short time before death, the red blood cells and 
cells of all tj'pes as found in the bone marrow per cubic millimeter 


I.. of mavra"'- 


DIFFERENTIAL STUDY 

The same “dilution principle” was used as that for the 
tion. However, for the differential study blood serum was used for ' 
Autogenous serum, of course, is ideal, but this was not always piocur 
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Therefore, the blood group of the individual was determined from the marrow, 
and corresponding serum was used for dilution. The proportion of scrum to 
bone marrow cannot be fixed for use in all cases, as each marrow requires an 
amount commensurable with its own physical characteristics, and the proper 
quantity to be used must bo judged from experience. Sometimes several mix- 
tures must be made before obtaining a proportion which would give the proper 
smears. The Ronianowshy dyes were used for staining In some cases, such 
as myeloblastic Icuccmia, Ijinplioid Iciicemia, agranulocytic angina, aplastic 
anemia, or any other forms of severe anemia of unlaioun etiology, the results 
were countcrcheckod witli the supravital stain and tlie oxydase stain. Satis- 
factory results were obtained in most cases, except those in wliich the autopsy 
material was not fresh, or when the autopsy was done a long time after deatli. 



6 — Tliree mesaKarj'ocytes in one field This smear was made from a bone marrow of a 
case of myeloW leuccmia 

Sucli unsatisfactoiy material was discarded after attempts to study tliem, and 
the results omitted from the record. 

DISCUSSION 

An analysis of Table I is tempting of many comments To begin with, 
the proportion of nucleated cells to red blood cells in tlio circulation normally is 
about 1 ;700, while in the bone marrow the proportion drops considerably, reach- 
ing almost 1:1, and in many cases the nucleated elements are more abundant 
than the red cells. This is probably due to the fact that the red ceil has a rather 
long life and a great storage of these elements is not necessary, while the sliort- 
lived white cell requires an abundant storage supply for a constant and rapid 
turnover. After studying many pathologic bone marrows, the question arose as 
to what is the normal cellular content of the bone marrow per unit volume. 
The opportunity for such observation presented itself in Case 23. A young 
healthy male, 28 years old, was working on a scaffold repairing the outside of a 
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Table I 


NO. 

SEX 

AGE 

DIAGNOSIS 

K.B.C. IN 

CIKCUIiATlON 

R.B.C. IN 

BONE 

MARROW 

NUCLEATED 

CELLS IX 

CIRCULATION 

NUCLEATFD 
CELLS IX 

BOXE 

SIAHEOW 

1 

M 


Otitis media. Meningi- 
tis 

mmn 


22,000 

920,000 

2 



Addison ’s disease 


4,100,000 


1.480,000 

3 

M 

02 

Acute myeloblastic 
leucemia 

2,300,000 

695,000 


220,000 

4 

F 

34 

Endocarditis. Terminal 
pneumonia 

4,180,000 

840,000 

18,600 

1,200,000 

0 

F 

48 

Diabetes. Terminal 
pneumonia 

4,180,000 

1,125,000 

19,200 

1,024,000 

6 

U 

8 

Aplastic anemia 

2,120,000 

110,000 

750 

28,000 

7 

M 


aiyeloid leucemia 

2,850,000 

.392,000 

96,000 (5d) 

128.000 (3d) 

130.000 (Id) 

1,024,000 

8 

M 

70 

Cardiac decompensa- 
tion 

4,100,000 

704,000 

8,100 


9 

M 

59 

HtT>ernephroma 

3,000,000 

1,152,000 

11,800 

kuB 

10 

M 

8 mo. 

Sepsis 

4,120,000 

2,464,000 

40,000 

908,000 

11 

M 

08 

Aneurysm. Syphilis 

4.900,000 

1,072,000 


mm 

12 

M 


Cardiac decompensa- 
tion 

4,320,000 

488,000 

■HH 

672,000 

.SS4,00_^ 

1^024^ 

"Isyioo 

"lohoof 

"TsoiooT 

"li^ooT 

51^ 

-'TSSiOOO 

13 

M 


Lung abscess 

2,430,000 

1,464,000 


14 

M 


Carcinoma of pancreas 

3,700,000 

iMiMlililil 



M 

2 

Sepsis 

4,120,000 



km 

M 

1 

Syphilis. Pneumonia 

.3,100,000 

1,160.000 


H 

M 

5 mo. 

Otitis media. Broncho- 
pneumonia 

6,150,000 

5,792,000 


18 

M 


otitis media. Meningitis 

4,460,000 

1,056,000 


19 

M 

04 

Coronary sclerosis 

5,440,000 

558,000 


20 

F 

52 

Agranulocytic angina 

4,900,000 

1.120,000 


21 

M 

45 


3,810,000 

1,112,000 


22 


73 

Adenocarcinoma of left 
kidney 

4,350,000 

1,352,000 


23 

ai 

28 

Traumatic shock 


1.132,000 


24 

M 

17 

Acute nephritis 

4,560,000 

720.000 

11,400 

25 

ai 

7 mo. 

Sepsis 

7,550,000 

2,218,000 

10,650 

20 

M 

2 wk. 

Bronchopneumonia 

4,660,000 

2,320,000 

30,600 

27 

F 

2 mo. 

Rickets. Sepsis 

4.300,000 

1,096,000 

30,000 

28 

ai 

50 

Polycythemia 

13,000,000* 

10.760,000* 

5,200,000* 

1,168,000 

29.000 (3m) 

16.000 (2m) 
13,400 (36) 

29 

ai 

50 

Myocarditis. Terminal 
pneumonia 

4,050,000 

912,000 

11,000 

30 

ai 


stillbirth 


2,120,000 

. 

31 

ai 

39 

Agranulocytic angina 

4,440,000 

672,000 

200 

32 

ai 

24 

Aplastic anemia 

850,000 

3,36,000 

2,000 

33 

ai 

50 

Lymphatic leucemia 

1,604,000* 

984,000* 

192,000 

233,600 (5d) 
342,000 (16) 


m — months before death h = hours before death , intion 

d = days before death • = same time as nucleated cells in clrcu 
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building lie lost Ins babuicc, slipped, and fell off tlic scaffold, sti iking the 
coneiete sidewalk, niideincath lie was luslicd to tlie hospital at once, but he 
died soon after leathing it A post moitcm c\amiiititioii was done within a half 
lioiii aftei the accident occuiied, and the bone mariow showed a icd cell count of 
1,132,000, and a nucleated cell count of 468,000 pci cubic millimeter There 
was no Iiiston of picMous illness, and the man was said to be in excellent health 
since childhood Histologic studies of all oigans and tissues showed no patho 
logic changes The findings then aic assumed to be those of a noimal liealthy 
indnidual It is moie inteicsting, theicfoie to compaic these findings with 
those seen in Case 21, with the diagnosis ot lung abscesses of several months’ 
diiiatiou following an acute pneumonia, oi with the findings in Case 22, witli 
the diagnosis of adeiioeaicinoma of the kldnc^ (see also Cases 9 and IS) One 
piobahle explanation maj be that wlmtc\ci the original stimulus and its re- 
sultant bone inaiiow i espouse, when the disease bad piogressed foi maiij months 
or longei, citbei the stimulus oi the mechanism of lesponsc, or both, weie ex 
hnusted, and the bone maiiow m time began to assume a static position in its 
actnitj Ficqnenth e\idcnce in the ciieulation tends to coiioboratc this 

MCW 

In otlici cases, the bone mniiow findings maj bo misleading without an 
adequate and detailed stud} fiom other angles This is particularly tine in 
sonic of the blood diseases In Case 7, a case of myeloid lonccmia, m which the 
nucleated cell count in the circulation is o\ei 100,000 per cubic millimeter, the 
nucleated cell count in the bone marrow does not reflect the unusual proportion, 
but merely shows a count two oi three times the a\erage normal amount How 
cier, when one takes into account tlic tremendous inciease in the total \olume 
of maiiow, as shown by the laigc size of the iib, with almost a spherical di 
anictei, and the dcnsch packed succulent mariow, the pioportion is seen to be 
much greatei than it appears at fiist glance One may also speculate at the 
role played by' the endociine system in the change of the skeletal structures 
containing the mairow Surch tlic change in tlie size of the bony tissue must 
ba\c been going on foi a long time before the leiicemic state made its appear- 
ance or was iccognizcd clinically This change in the rib stiucture is not seen 
in lymphoid Icuccmia, piobably because of the infiltratne rather than pro 
lifeiatne chaiactci of this ty^pe of leuccmia in the bone marrow, and the dis 
placement of the led cell elements by this infiltration Another point of lu 
terest is the minimum oi lowest niimbci of nucleated cells in the mariow seen 
in such cases as aplastic anemia, agranulocytic angina, oi certain cases of 
my eloblastic leuccmia Wlien the bone mairow reaches a ceitain loyv ley el, 
no nucleated cells y\ill trickle tliroiigli into the circulation These and manj 
otlici phases of bone maiiow actnity tempt one to speculate as to the interpreta 
tion of these findings in tlic hope of coriclating them yvnth clinical applicability 

SUXIM \Ry 

1 A method is piesentcd for the quantitatiye estimation of the cellular 
elements of the bone mairow and for differential study 

2 By this method results y\cre obtained yvhich piomise an approach to the 
study of bone mariow ey tology fiom ncyv angles 

G1 Eastfrn Parkway 
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E to cootai. i„p* 

Cieatie extracts on tliese groujids A<j P“ 

tliat the therapeutic efficaev nf tu intimated 

, Woffle ana MnnltrilrrarJ™;*! .“>’ ‘“O^" 

tamed their poteuej- and did not Inc +i pancreatic extracts re- 

over, they added known quantities Jieart-blocking properties. More- 
no recover practically 100 per cent h r 4 i solutions and were able 

that atropine prevents the rlon ^ Joethod. It has also been shorn- 
vent the depreLr actln of acetylcholine, but fails topr^ 

exists. Since both substancec^ oxtoact. In spite of this, criticism still 

heart block in animals and s‘ administered in adequate dosage cause 
to aeetyl-/?-metliylcholine anotimr P^'^^'^iacologically antagonistic 

any differences in action' Poi Pvesants itself for the detection of 

methyleholine. If the form^'^^T ^'^tract (Wolffe) and aceW- 

choline impuriti^ it shnirlrV 7 ^ stance oives its activity to the presence of 
of any pure choline substaiice^^^^'^^^*^ ^ fashion similar to the action 


HlETHOD 

Choline impurities in 

order to compare these extract are an unknown quantity, 

ascertain the smallest amount animals it was obviously necessary 

heart block and death in ri •+ which would consistently can 

24.3 and 25.8 gm. each. It"' o mice, of a known strain, weighing betwC' 
according to "Wolffe® and ound that 1 c.c. of pancreatic extracting 

(so that 1 e.c. of extract posseSror"^ according to the published nietlm- 
caused death by lutranerJt 1 • Samma epinephrine neutralizing noiti 

of 10 animals (the to nine minutes in 9 

observed that the animals ditra-abdominal hemorrhage). It 
ration ceased while f developed heart block, but that respi 

eleetrocardiographicaJlTT f '''O’ltocular systole could still be regisfei'Ct 
termined that 7 mTiLiZ afterward. It was likewise 

toneal injeetion caused (I mg. per c.c.) by infrapeJ-J^- 

,. ^ and death in 10 animals. In this group 


300 


Plan 10 ET An LETHAL DIPFERENCES IL ATPOPIMZED ANIMALS 


361 


the lieaitheat ami resjniatious Leased smmltaueouslj ivitlnn sin to nine min- 
utes SiiialleF doses of eifliei substance caused lessei degiees of caidiac slow- 
ing but seldom death 

“ A gioiip of 20 uliite mice of the same stiaiu and weight as the aho\e 
_ Mere divided into siibgioups of 5 each All the animals weie kept under the 
same conditions of tempeiatuie, feeding tunc, etc All expcinnental proce- 
dures were cairied out at the same time of the dav, and each animal was 

Protocol I 

Lctlml Dosige of Acetvl p Methylcholmc Chloride* 

Mouse No 27 -i iiinlc — 25 \ gm 

2 19 — 7 0 Tug '\cct%l ^ nictUvlcholittC 8 roinutc'i 

2 27 — aniiml dead 
i Alou'se No 275 male — 24 5 gm 

3 05 — p V 7 0 Tng acctjl ^ meth\lcholme 04 minutes 

3 114-animal dead 

f Mouse No 27G male — 23 1 gin 

3 30 — 7 0 mg acotjl ^ meth>lcliolmc "I minutes 

’ 37i-death 

^ Mouse No 277 male — 25 C gm 

3 41 — 7 0 mg ncct\l ^ mctli\lcliolinc 0 minutes 

^ 3 50 — death 

Mouse No 27S male — 24 4 gm 

3 53 — 7 0 mg acct\l ^ mctli\lc1iolinc 8 minutes 

^ 3 59 — death 

^ ^ ^ Co 'Vs chloride 

Protocol II 

► Effect of Pancreatic Extract on Mice 

Mou-*® No JS5 male— 25 5 gm 

3 12 — 1 cc pancreatic extract (Molffe) 

3 15 — animal bieatlung slo\\l> and irregularly 
3 17i~-ammal dead 
Mouse No 280 male- — 24 7 gm 

3 19—1 c c pancreatic extract (IVolffc) 

,, 3 27 — animal dead 

Mou«e No 2S7 male— 24 3 gm 

3 30 — 1 c c pancreatic extract (IVolffc) 

3 35 — animal dead 
Mouse Ko 288 male— 25 4 gm 
'i 3 30 — 1 cc pancreatic extract (IVolffc) 

3 43 — animal dead 
Jlouse No 289 male— 25 1 gm 

3 40 — 1 c c pancreatic extract (Wolffc) 

3 52 — anim il dend 

Note All mice Nos 2So 289 died after hixing a convulsive spasm during which their 
limbs became rigid bending toward each other the bod> as a whole becoming ver> taut and 
me tail ilslng almost perpendiculai 1> After a few seconds m this position the body relaxed 
tile tail came down and the animal ceased b» entiling 

"eigheci at the beginning of the cxpeiimeiit Animals iindci 24 3 gm oi over 
25 8 gm ueie cliscardetl The subgroups weie aiiangecl as follows 
Gi oup 1 leceived acetjl/3 metliv Icholiiie 

f Giovip 2 received panel ealic extract 

[1 Gioiip 3 leceived acetv) j3 metlijlcholiiie aftei atropiiiization 

I Gioup 4 leceived panel eatic extract aftci atiopimzation 

1 All injections vveie made bv the intiapeiitoneal loiite One ouhic eenti 

meter volumes vveic einplojed in each injection, so that 1 c c of aeet}l|3- 


LETHAL DIPFBEENCES BETWEEN PANCREATIC EXTRACT 
(WOLPPE) AND ACETYL-BETA-RIETHYLCHOLINE 
IN ATROPINIZED ANIMALS* 


Yictob a. Digilto, AI.D., Joseph A. Pescatore, il.D., and 
Harold E. Goldberg, AI.D., Philadelphia, Pa. 


E XTRACTS of animal tissues have long been known to contain impiiritis 
such as histamine and choline. Objections have been raised against pan- 
creatic extracts on these grounds. As a matter of fact, it has been iutimatei 
that the therapeutic efficacy of these extracts may be due to the impurities. 

Wolffe and Muncli^ showed that Norit-treated pancreatic extracts re- 
tained their potencj^ and did not lose their heart-blocking properties. More- 
over, the}’’ added known quantities of histamine to the solutions and were able 
to recover practically 100 per cent by this method. It has also been shown' 
that atropine prevents the depressor action of acetylcholine, but fails to pre- 
vent the depressor action of pancreatic extract. In spite of this, criticism still 
exists. Since both substances when administered in adequate dosage cause 
heart block in animals, and since atropine is pharmacologically antagomstie 
to acetyl-^S-methylcholine, another method presents itself for the detection o 
any differences in action between pancreatic extract (Wolffe) and acetj -p 
methylcholine. If the former substance owes its activity to the presence o 
choline impurity, it should be expected to act in a fashion similar to the actio 
of any pure choline substance. 


METHOD 

Choline impurities in pancreatic extract are an unknown quantity . 
order to compare these substances in animals it was obviously 
ascertain the smallest amount of each substance which would consistentlj ca 
heart block and death in white mice, of a known strain, weighing e 
24.3 and 25.8 gm. each. It was found that 1 c.c. of pancreatic extract m ^ 
according to Wolffe® and standardized according to the published 
(so that 1 c.c. of extract possessed 20 gamma epinephrine neutrabzinn ^ 
caused death bj’ iutraperitoueal injection wdthin five to nine minutes 
of 10 animals (the last animal died of intra-abdominal hemorrhage)- 
obsex'ved that the animals consistently developed heart block, but t 
ration ceased ■while occasional ventricular systole could still dc- 

electrocardiographically for several seconds afterward. It 'U'^s ^ 
termined that 7 mg. of aeetyl-;8-methylclioline (7 mg. per c.c.) 
toneal injection caused heart block and death in 30 animals. lu 

‘From the Temple University Hospital. 

Received for publication. May 14, 1938. 
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methylelioline solution contained 7 mg. of drug and 1 c.c. of AVolffe extract 
contained 20 epinephrine neutralizing units. In each instance electrocardio- 
grams ivere taken einplo.i ing hypodermic needles embedded into the limb mus- 
cle of the animals and connected to the Lead II wires of an electrocardiograph 



Fiff. 1 — AcetjI-^-meth>lchohne control <t. Control tracing, h, four and one-half minutes 
after Injection of acet>l-/3-meth>lchollne, shoning heart block, c, heart block continued and 
death of the animal occurred shortly aftcrnards. 




liiliiliiS 

il 








, FI? 2. — Pancreatic extract control, a. Control tracing, b, slowing of heart rate with be- 
Inversion of Initial ventricular complex, c, complete heart block and complete inversion 
vft » j 'eutncular complexes, d, death nine and one-half minutes after Injection and initial 
>entncular complex became upright again. 


(G. E. portable j right forelimb aud left bindlimb) by conductor clips. Trac- 
ings were taken before aud at intervals after injecting the animals. Atropine 
sulfate in doses of 0.013 mg. per c.c. was injected into animals to be atropinized, 
and fifteen minutes allowed for complete absorption before administering the 
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(b) The lethal effects of acetyl-jS-methylcholine were prevented bj 
atropinization. 

(e) Atropine did not prevent the complete heart block which pan- 
creatic extract (Wolffe) consistently cansed in the controls. 

(d) Although bradycardia occurred in the atropinized animals which 
received acetyl-/3-methyleholine, it was not as severe in degree as 
the complete A-V dissociation seen in the controls. 

2. Electrocardiographic differences between the control groups ivere ob- 
viously definite. 

(a) The pancreatic animals exhibited inversion of the initial ventricu- 
lar complexes and ectopic ventricular arrhythmias not demon- 
strated in the tracings of the animals receiving acetyl-/?-methyl- 
choline. 

3. Since the dosage of pancreatic extract (Wolffe) employed in these 
experiments is out of all proportion per body weight to the largest doses 
used in human beings, the above observations cannot be used as an index of 
toxicity. 

CONCLUSION 

The above findings suggest fundamental differences of action between 
acetjd-^-methylcholine and pancreatic extract (Wolffe). The magnitude of 
this disparity warrants the statement that the choline substances present m 
pancreatic extract (Wolffe) do not account for the action of this extract under 
the conditions of this experiment, unless such substances (choline) possess prop- 
erties heretofore not attributed to or demonstrated by choline derivatives. 
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CORONARY ARTERY THROMBOSIS’ 


r Smith, j\r D j Bfn E Goodrich MD, \^D Robert J Nfcdles, MD 

Detroit, Mich 


A RECENT siu\e 5 of the cases of acute coionarj aitorj thrombosis at the 
Heniy Fold Hospital has been earned out in an attempt to evaluate the 
expel lenccs of tlie past in the light of present Imoiv ledge Since the installation 
of our electrocaidiographic instiumcnt m 1923, thcie ha\e been 159 cases of 
undoubted coronary occlusion in this hospital One hundred ele\en patients 
were successfully traced, and of these 83 uerc dead 46 of the latter number 
had been examined post mortem The icclassification of the cases was done with 
the plan of "Wilson and co w orhers, dindmg them bj means of clectrocardio 
graphic changes into anteiior, posterior and mdcteimmate groups The ma 
terial at hand has been grouped as m Table I 


Table I 
Cases Studied 


total cases 

15D 

Studied with EKG 

146 

Cases traced to date 

111 

Cases traced — still li\ing 

28 

Cases traced — died 

83 

Autopsied 

46 

Ca^cs dead m first jear 

60 (54 per cent) 


This material A\as critically selected from peihaps twice that number of 
cases indexed as coronaiy thiombosis Those which, for one reason or another, 
failed to answei a caieful inquiry were cast out, and the lesulting group is 
felt to be that of pioved cases onlj 

Pertinent factois, such as age, sex, race, and occupation, and of the clinical 
aspects, such as the number of cases showing fe\er, leucocytosis, pericaidial 
friction ruh, arrhythmias, etc , weie not different from previouslj published 
senes of cases The monograph of Levine^ and the lecent book edited by Levy^ 
contain adequate statistical information regarding these factois In the present 
series the youngest case was 29 and the oldest 79 years, while the average age 
of the entile group was 55 8 jears The decade of greatest incidence was from 
60 to 69 years The sex ratio was 5 36 males to 1 female In the absence of 
syphilis the disease was not found to occur in colored persons in this series 
Definite obesity was moie frequently present than absent No equitable 
classification of occupation could be made fiom a sur\ej of our records, because 
the factois of pressure, emotional tension, and neivous stimuli are so variable 

•From the Department of Medicine Henrj Ford Hospital Detroit 
1937 abstract before the Central Society for Clinical Research Chicago November 

Recei\ed for publication April 1C 193S 
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in all tj'pes of activity. It is interesting to record that only 47.7 per cent pre- 
sented a story of previous angina of effort. Eighty-one and seven-teiitlis per 
cent of the group gave a history of crushing, constricting, viselike pain. In 71 
per cent of all eases there was continuous pain of longer than four hours’ dura- 
tion. The number would undoubtedly have been higher, except that many of 
the patients were relieved by hypodermic medication. Vomiting occurred in 
more than one-fourth of the patients, and prostration was a frequent manifesta- 
tion. 


The clinical observations on patients suffering from acute coronary artery 
thrombosis characteristically include fever, leucoeytosis, and fall in blood pres- 
sure. In somewhat lessened frequenej'^ are found gallop rhythm, cardiac arrhyth- 
mias, and pericardial friction rub. The changes in the blood sedimentation 
rate appeared to persist longer than the other evidence of acute tissue damage. 

In this report, however, the primary interest is in the accuracy of the elec- 
trocardiographic information as to the presence of myocardial infarction and the 
localization of the infarction if pi’esent. A similar study has been previously 
published by Sprague and Orgain." The question of electrocardiographic local- 


ization of myocardial infarction was given its initial clinical impetus by Barnes 
and Whitten,^ their work being based, in part, on a previous contribution hy 
Parkinson and Bedford.' The latter authors had differentiated electrocardio- 
grams of the Tj and T 3 types, while Barnes and Whitten demonstrated the rela- 
tionship of Ti curves to anterior and T 3 to posterior infarction. Later "Wilson 
and co-workers^ noted the frequency of Q-wave prominence in the two mayor 
types of infarction, and elaborated this concept into electrocardiograms of the 
QiTj and Q 3 T 3 types. In the present study the standard three lead 
cardiograms were styled Q^T^ type, indicating an anterior infarction / 
coronary artery thrombosis, or Q 3 T 3 indicating a posterior infarction by n? ' 
coronary artery^ thrombosis. 

Pig. 1 outlines the plan ordinarily used in this clinic to differentiate the 
various locations of infarction. This figure represents the presence of 
primary S.T.j elevation with subsequent evolution into QiTj contour suggestiUo 
anterior infarction. Infarction in the posterior wall is anticipated when 
primary S.T. elevation occurs in Lead III. 

On analj'sis of our electrocardiograms, some were clearly examples of^a^ 
terior infarction, some were clearly^ posterior, while a third group, just as 
tainly made up of acute coronary artery thrombosis, did not fit into 
clearly'’ differentiated groups. These have been styled indeterminate tj pe^ 


coronary occlusion. Some of them show only' small complexes 


- others hava 


various conduction disturbances, such as auricular flutter, whicli vitiate any 


at- 


tempt to localize the area of damaged heart muscle. 


I trace! 


Of the 146 cases classifled according to the above plan. 111 have been 
Eighty'-three of these are dead and 28 have survived. In Pig- 3 
.survival periods of the eases whose histories are finished, that is, the dea 


It wflll be noted that the greatest mortality' was in the first few^ \ ii 
gardless of the type of electrocardiographic abnormality. Thus, in L 
will be noted that of the anterior group, 51 per cent were dead in the rs 
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Mhile 45 pci cent o£ the posterioi gioup had a similai fate The indeteiminatc 
group had a somewhat highei fiist jeai inoitalitj (70 pei cent), peihaps because 
manj of them weie of the small complex, oi eouductiou disUuhance t\pe It ts 


noteuortln that m the 83 patients wlio 
cardiograms of the Q^Tj and of the Q/ 

EKG ■ 

Anterlqr 

acute healint] 

Leads 

died, piognostic implications of electro 
Pg tjpe aic icij similai This is in op 

TYPES 

Risterior 
acute healinij 

.. h. 

. IT 

-A 

TTT 

V — V u 

A — ^ A. 

TV A ^ ^ A ^ 

r h 


MV V ^ 


Fig 1 —Chart ot uaual electrocardiographic changes met vvlth in tJie anterior and 
posterior tjpes of coronar> arter> thrombosis Illustrating basis of ilJftercntjation made Jn 
tms studi Axial leads In antetlor Infarction auow major changes In Lcn \ I tending to 
the QjTi t5pe of cune Posterior infarction Is Inlicated bj major changes In Lead III tend 
Ing toward the Q»Tj tjpe Alterations In Lead IV preaall in anterior infarction 



- Fig 2 —Illustrating the relative proportion of anterior posterior and indeteiminatc 
rorins of coronary artery thrombosis as Indicated b\ EKG changes Also shown are the 
»nortaIUy rates In the first >ear for the three classes of thrombosis It will be noted that 
anterior and posterior infarction carry almost the sattic first lear mortality 

position to the view expressed by Wood and associates,® vho felt that the im 
mediate and future prognosis of the posterior, ox Q 3 T 3 , gioup tsas less giate In 
our experience the posterioi gioup demands the same conscrtatism in piognosis 
as does the anterioi group 

The pieceding discussion as to elect! ocaidiogiaphic differentntioii and sin 
tiial peiiod has dealt laxgelj uith the clinical aspects of the condition The result 
of this survey forces the conclusion that in a fe^ cases the electiocardiographic 
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changes and the autopsy findings will not be in strict agreement. Thus, of 16 
fresh single infarctions, localization by the standard three lead electrocardio- 
grams was accurate in only 5 instances. It gave definitely misleading informa- 
tion in 3 eases. Of the 8 doubtful eases, all having anterior infarctions, 1 showd 
no detectable abnormalit 3 ’', 4 wei-e indeterminate, and 3 suggested posterior 
infarction. Hence, localization of cardiac infarction, using only the standard 
3 leads, is frequentl}" impossible and may lead to false eonelu.sioiis.’' 

Tfith this thought in mind, 46 autopsied cases of coronary thrombosis hau 
been studied (Table II). Of these, 31 ivere studied with one or more electro- 
cardiograms. Since it was realized that eases showing marked coronarj’ artery 



ll ll Sil 

MONTHS 


Fig. 3 . — lUustratiiig the sui-vival period of S3 dead cases. A, tlie anterior ^ 
as indicated by EKG changes ; P, the posterior; and I, those with changes oi 
origin. 


sclerosis and multiple infarctions might show confusing pictures in the elec rfr 
cardiogram,® the cases were divided into those vdth single fresh infarcts ana 
•with associated additional pathologic changes. Sixteen cases of fresh sing e 


Tabu; II 


Autopsied Cases 


Total 

With EKG 

Single fresh infarct — anterior 
Single fresh infarct — posterior 
Old and recent infarcts 
Old nithout recent infarcts 
Sclerosis — infaret- — no occlusion 



nonitw 

»The autopsy protocols have been dictated by several pathologists g'Yf .%ugl!nci= ji', 
years. Personal inclination and interest have caused a variable degree ot ij rc'w' ft 
describing the pathologic changes. The usual autopsy routine may •n’cH 1“'.' objections" ' 
areas of previous infarction or occlusion of minor coronary branches, mis 
feature has also been commented upon by Sprague and Orgaln. 
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farction neie studied lu detail Tlmteen «cic of the anteiioi tj^pe at autopsy 
and 3 of the posterior tjjie AVe haie attempted to coiielate the elect! ocardio- 
(irains obtained m these eases with the .iitinl lontioii of the iiifaiction Using 
this method, a majoiitj of the curies were found to he of siirpiisingly little help, 
or of questionable help in the actual localization of the infarction as demon 
strated at aiitopsi (Table III) 


TABI.B til 

EKG Locau7\tion of 16 Cisrs op Farsn Sisclf iNPircTios 
Stlnilnnl 3 Eoids Only 


EKC 

WTLi lor inr\rcTio\ 

POSTFriop iNFArcrio'i 

Consistent 

3 

o 

Doubtfui 

S 


Incon'?istcnt 


1 


Table W siimmaiizcs the 16 eases of fresh single infarctions 
It IS rcmaikable to note that patients showing maiKcd rajocaidial destrue 
tion, leading in some eases to lupturc, eouUl show onlj minor changes m electro 
caidiograros obtained shortly bcfoie death Thus, in Case 3, the electrocardio 
gram of JXaj 22, 1925, was noimal, hut the patient died on Maj 30, 1925, of a 
ruptured mjocarduim Some of these ciuies studied critically with no Imowl 
edge of tlio actual location of the infaiction, might be fnulj stated to resemble 
the QjTj, or postoiioi tj-pe of infaiction, while the autopsy disclosed anterioi 
mfaiotion instead It is appieciatcd that m many cases one electrocardiogram 
will not suffice and that progressne changes fiom da) to daj are fiequently 
more significant These locoids point to the need foi caution in the inferpieta 
tion of single electiocaidiograms No ease showing tjpical Q,T, or anterior 
infaiction change m the electiocardiogiam was proied otheiivise at autopsy 
Since 1935, wo haic been using the piccoidial leads as outlined by Wood 
and AVolferth and bj AVilson The technique of obtaining Lead IV has been 
standardized bj an international eommittce," and since Januaiy, 1938, the recom 
mended method Fi has been followed in this elinie Howeiei, m the ma- 
tcual piesentcd here Lead IV was obtained bj a now discontinued method That 
IS, the light aim electrode was placed ovei the precordium We were accus 
tomed to locate this clcctiode at both the eaidiae apex and in the loft fourth 
uiteispaco at the sternal bolder The indiffeient electrode was placed in the left 
mteiscapular region Thus in these records a piomineut Q, and an inieited T^ 
aio considered to be normal 

Of the 16 instances in which autopsy disclosed single fresh infarction, 5 
were studied with the preeordial lead (Lead IV) as well as with the standard 
leads In 3 of these. Lead lA^ (Cases 9, 10, and 13) gave important eiidenco 
not aiailable in the axial leads In these 3 cases, Qi was absent, and in 2 of 
them, in addition, the T wave was upright In the lemaining 2 records Lead TV 
was suggestive only One of them showed depressed ST^, though Q, was pres 
cut, while in the other, Q* was likewise present hut the T wave was upright 

Ilenco the information obtained with Lead lA^ was not misleading in any 
instance On the contrary, in those eases where the axial leads were not in 
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Table IV 


CASE 

XO. 

PAIN 

EKG 

AETOPSY 

1 

7/13/32 

7/19/32 Hmall Q, and Q, 
Indeterminate 

7/27/32 Infarction — 1 eft vealufle 
and septum 

Vessels — 1 eft tlescenilnig 
occluded ; right, martel 
sclerosis 

2 

11/14/28 

11/16/28 S.T. interval depiessed all 
leads 

Small Q. and 

Indeterminate 

12/ 1/28 Infarction — apex at left 
ventricle 

Vessels — ostia left not 
ible; right, pm point, 
caliber vessels open 

3 

5/ S/Oo 

5/22/25 Normal 

1 

i 

1 

5/30/25 Infarction — apex left ven 
tricle with rupture 
Vessels — ^left descending oc 
eluded ; right, no obstrne 
tion 

4 

3/24/30 

4/ 5/30 S.T. interval depressed 

Lead I, II, eleiated in III 

I Prominent 

Suggests posterior 

0/ 6/30 Infarction — apex left ren 
tricle and septum 
Vessels — eft, de'ccniimg 
occluded; right, no ofi 
stniction 

o 

0/10/28 

0/18/28 S.T. interval depressed 

Lead I, elevated in III 
Prominent Q, j 

Inconsistent j 

6/20/28 Infarction— anterior wait 
left ventricle 

Vessels — ^left circumfiev w 
eluded; right, no ohstiue 
tion 

6 

■ 

4/ 9/2S T nave acutely inverted 
Lead I 

Small complexes 

Consistent 

5/ 2/29 Infarction— anterior wan 
left ventricle 

Vessels— left descending oc 
eluded ; right, sclerotic 
but patent 

7 

12/ 9/28 

12/30/28 Small complexes 

Flat T-Waves 

Indeterminate 

1/ 2/29 Infarction— anterior wall 
left ventricle 

Vessels— left occluded 
bifurcation; right, no oo 
struction - 

8 

nni 

3/29/28 Lett axis deviation 

T waves inverted Lead I 
S.T. interval depressed 
Leads 11, III 

Suggests anterior 

4/ 3/28 Infarction— anterior wall 
left ventricle 

Vessels— left circumflex « 
eluded; right, sclerotic 
but patent _____ 

9 

10/20/35 

11/29/35 QRS complex, relatively! 
small and slurred 

Lead IV, absent Q, upright 
T 

Axial indeterminate 

Lead IV consistent 

12/ 1/35 Infarction— anterior 

left ventricle wdh rup 

Ve^els-left descending 
eluded; right, scleW'' 
marked patent 

10 

0/12/36 

0/26/30 Diphasic T-vvaves Leads 11, 

III 

Lead II'’, absent Q-wave 
Axial indeterminate Lead 

IV 

Consistent 

7/ 2/36 Infarction— apex 

eluded; right, scleroi 
marked occluded 

11 

2/ 8/35 

2/34/35 S.T. inteival elevated Lead 
I, depressed Lead III 
Prominent Q, 

Diphasic T-vvave Lead I 
Lead IV, S.T. interval de- 
pressed, small Q vv ave. 
Axial consistent 

Lead IV consistent 

4/15/35 Infarction-anterior 

left ventricle 
Vessels-left occluded 
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T\mE IV— (o\T*n 


\ 

NO 

PVIS 

FKf 

AUTOPSV 

12 

U/2i/ 54 

12/27/ 4 Si intcr\ftl elevntc 1 Lent 
J, depressed II III 
fcJnrung of Swuo nil 
Icnih 

Flat T unto Lead I 

Load I^ , ntiscnt Q u{ right 

!/lS/ d Inlarction — interior wall 
Jeft \entnele and septum 
\ ossels — left descending ot 
eluded right, sclerotic, 
but patent 



A\n} oonaistent 

Lead IV con‘«Jstr»nt 


1 

V2 y <* 

1 S/24/hj is 1 mten U dcpreasid 

Loads I n 

Pronnnent Q, 
load I\ , upright T itaio 
Am i! Ruggests posterior j 
Loa<l IV vuggOHts interior i 

fe 27/ 1 Infirction — apex lett ren 
tricle 

tescels — left occluded, 
right sclerotic but patent 

H 

i 

None i 

o/lO/Jij QKS coJuphx relUncl^i 
small and ••lighfh '*hirrol: 
Prominent Q, ind Q, 

Am vl consiRtont 

d/2 /2s Intirction — uall right \en 

tnele 

^ cs''el8 — left no ■^inking 
changes right, occluded 

Id 

10/20/ n 

11/ 7/^1 b 1 \ntor\at dcpios'Ml L< id 
I, elc'atcd m 11 III 
Prominent Q an 1 Q, 
Acutclj m\erted T and T, 
Axial consistent 

11/ V 1 lutarctioD—left \entnele 
\ es'^eb — left fen plaques 
pitent, right, occluded 

Iti 

None 

IJ/lO/dO Auricular ftulter 
Indetcnmnate 

l_/ld/hi Inraiction— wail right ven 
tncJc 

\ e*i«sel« — right occluded 


(licntue of the location oi even of the piesciuc of mjocnidinl mfaiction Load IV 
was of distinct help Eiou with the additional precoidinl lead, the oeeasional 
case not be cntucU clcai 


SUMM \R\ 

Tins papei attempts to coiiclatc piescnt kJlo^\]cdgc conceining elcctio 
cardiogiaphj Mith the diagnosis, piognosis and localization of msocardial in 
faiction Se\eial factors aie noitlij of mention In the diagnosis of pio\ed 
miocaidial infaictiou the standard tliice lead clectiocaidiograms moA accnratelj 
localize the infaiction, ma> suggest mfaiction without accurate localization, maj 
falsclj suggest the aiea in\olvcd, or maj slton no change '\\hatc\er Tlie ad 
dition of piogiess readings and of piecoidial leads mil clallf^ inanj of these 
eases In this sciics wlicre the infoimation is based chieflj on the a\!al leads 
onlj, pastel iQi infaiction eairies practically as high an immediate and snbse 
quent moitahtj as does the antenoi The caieful Mork of Saphir and his as 
soeiates points to the need for more careful and detailed anahsis of both tlie 
mvoeaidium and the eoronarj abonzation at autopsj Wider recognition of this 
need maj well explain some of the inconsistencies between the eicctrocaidio 
giams and the autopsj protocols indicated m this paper 

CONCLUSIONS 

1 A review of 83 expired cases of eoronar} arteij tlnombosis which 
ueie studied elcctiocaidiographicallj does not indicate anj mateiial piognostic 




374 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


difference between QiT^, or anterior type of electrocardiogram and the Q 3 T 3 or 
posterior tSTpe. 

2, The use of the standard three leads in coronary artery thrombosis witli- 
out the addition of preeordial leads has proved unsatisfactory in both the diag- 
nosis and localization of myocardial infarction. 

3. The addition of precordial leads gave definite indication of anterior 
myocardial infarction when the standard three leads alone did not, and in the 
cases where precordial leads were used there wmre no contradictory findings at 
autopsy. 
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THE CHEMISTKY OP THE URINE AFTER RENAL DECAPSULATION 

FOR ANURIA^ 


M. Muschat, D. Meranze, and H. Abrams, B.A., M.D., Philadelphia, Pa- 

W B OBSERVED a case of auui’ia (five days of oliguria and two da)® ® 
complete anuria) with complete recovery after decapsulation of one 
ney. During this period the other kidney remained anuric, its function 
turning two iveeks later. The entire output of urine was collected via 
nephrostomy tube for a period of ten days. Further exact collections of 
were impossible because of removal of the nephrostomy tube. It was our int® 
tion to study the chemical composition of the urine over the entire ten- . 
period in order to ascertain the rapidity of excretion of the various cbenn 
components after renal inactivity, and thus to obtain a picture of the degr® 
renal recovery. 

T. E., No. A 1561, white female, aged 40 years, was admitted to the Mount Sinai Sosp 
on Dec. 2, 1937, and discharged Jan. 9, 1938. 

•From the Urological Service of the Mount Sinai Hospital, the Medical School 
University of Pennsylvania and the Department of Laboratories, Mount Sinai nosp 
delphia. 

Received for publication, April 21, 1938. 
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The p'ltiont admitted for oporatno cystoscopj. Intravenous urographj re\caled a 
small calculus m the left ureter, about 5 cm above the aeaical orifice Both kidnejs excreted the 
djD in normal concentration Tlie left unnarj tract was notably dilated above the stone 
At cystoscopj under nitrous oxide anesthesia the tight orifice of the left ureter vras opened 
with electrical knife Some bleeding was noted, but not more than usual The patient left 
the operating room in good condition The patient was voiding 2 to 3 ounces of slightly 
bloody urine c\cry half hour. About four hours later the patient had a vomiting spell and 
became pul<'e?eg<r No hlood pressure couM be obtained lutrarenous fluids were administered, 



Fiff 1 — Master chart showing intake, total output vomitus and urine, and the total intake of 
sugar and chlorides 

and the blood pres'iure returned to normal On examination the bladder was found tremen 
dously distended Through a cystotomy incision about a quart of coagulated blood was 
evacuated from the bladder, the bleeding was coming from a small Lvely spurting artery 
at the mouth of the left ureter Heraorrlnge was stopped by suturing, and the wound was 
dosed around a mushroom tube 

In spite of parenteral fluid administration vomiting persisted and tlie output continued 
^ery low (see Fig 1) for the next five days, and finally complete anuna for two days. Left 
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renal decapsulation was performed on Dec. 10, 19.37. The kidney was much enlarged and ten 
hard. The kidney tissue bulged out markedly when the capsule was opened. Tlie tissue nas 
pale brown, evidence of low blood circulation. Following this procedure, the urine began 
flowing, mounting rapidlj- with the gradual complete disappearance of all symptoms. 

COMMENT 

These studies show some interesting facts (Fig. 2). The urinary output is 
gradual but slow in mounting in spite of the excess of fluids in the body, Tlie 
speciflc gravity^ shows concentration with gi’adual dilution, the pH being sliglitly 
alkaline for the first two days, dorni to 5.6 during the next two days, back to 


Table I 


Chemistry op the Blood Before akd After Dec.\psulation 



BEFORE 

1 AFTER 



12/9 

1 12/11 


W-l 

B.U.N. (mg.) 

100 



115 

Creatinine (mg.) 

7.8 



C.S 

Uric aeid (mg.) 

8.0 




Carbon dioxide (vol. per cent) 

50 



49 

Sugar (mg.) 

185 




Chlorine (mg.) 

420 


385 

550 

Calcium (mg.) 

8.2 




Total protein (gm.) 

5.6 




Serum albumin (gm.) 

4.3 




Scrum globulin (gm.) 

1.3 





neutrality and low alkalinity where it stayed until the ninth day, when it 
dropped back to tlie normal acidity. There was no sugar in any of the speci- 
mens in spite of a great excess of sugar in the tissues. Urea showed tlie usiia' 
slow excretion and was still low on tlie tenth day. The blood urea nitrogen 
was still 115 oil the tenth day. Creatinine was excreted slowly, but much inoi'C 


Table II 

Grouping of Urinary Components Into Threshold Classes and Percent.\ge of TUEIK 
Excretion as Compared With Normal 




excretion 

in 24 HOURS 






NORMAL 

MAXIMUir 

TER CENT 

UNIT 

High threshold 

Glucose 

0 

0 

0 

Dig. 


Calcium 

200 

85.3 

42.6 

Chloride 

12 

3.4 

28.1 

gni. 


Sodium 

2.9 

2.3 

100.0 

— 

Low tlireshold 

Urea 

30.0 

10.97 

36.0 

gm. 


Urie acid 

700.0 

726.8 

100.0 

mg. 


Bhosphorus 

2.5 

3.34 

100.0 

gill. ^ 

No threshold 

Creatinine 

1200.0 

1097.5 

100.0 

Dig- 


Sulfur 

3.0 

3.3 

100.0 

fflil. 


rapidly than the urea, and reached normal on the tenth day. Uric acid beha« 
in the same manner as creatinine. Phosphorus, calcium, and chloride exci 
were parallel and gradually mounted. 

The loss of chlorides Iw constant vomiting before operation and 
days postoperatively was apparent^ not adequatel.y balanced in spite o 
saline clyses and hjqiertonic sodium chloride, 








jrUSCnAT CT AL. ; URINE AFTER RENAL DECAPSULATION 


377 


The present conecption of tlic formation of urine is that the urine results 
from file glomerular filtration into Bownan’s capsule of all the elements of 
the blood serum, except its protein eoiiteut, and from the selective reabsorption 
of water and certain of the filtered substances by the tubules (Pichards). Ech- 
berg divides the soluble urinary constituents into three classes; 

(1) Substances actively reabsorbed. These are conserved by the body and 
are present in lower concentration in the urine and in higher concentration in 



Fig. 2 — The excretion of the urlnarj' components per twcnty«four hours during the ten-day 

period 

the reabsorbed fluid than in the plasma These are the so-called “high threshold 
substances/' among which are included glucose, calcium, chloride, and sodium. 

(2) Substances which diffuse through the tubular epithelium when tlie 
concentration in the tubular fluid is greater than in plasma. Tliese are never 
actively reabsorbed. They are never found in lower concentration in the urine 
or in higher concentration in the reabsorbed fluid than in plasma. These are 
the so-called “low threshold substances,” among which are urea, uric acid, and 
phosphates. 
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(3) Substances 'wliicli are neither reabsorbed nor back diffused, tk so- 
called “non-threshold substances,” like creatinine and sulfates. 

We have included in our anatysis of the urine collected in the postdecap- 
sulation period, representatives from these three classes of threshold substances 
In general, it appears that at the end of the ten-day period, at which our stndv 
in its planned form had to be discontinued, the kidne}’^ had essentially recovered 
its functional integrity. At this period the kidney was excreting normal average 
quantities of at least one representative of each of the three classes listed above. 
The exceptions, calcium, chlorides, and urea, are not difficult to explain. The 
low calcium and chloride quantities may represent successful conservation oi 
these substances by the body, since at this time the intake of these elements vas 
below average in quantity. The patient was still losing clilorides by vomiting. 
The low urea output is not difficult to explain. The urinary output was still too 
low" to have washed out the entire amount of urea accumulated in the blood 
since urea requires large amounts of W'ater for complete elimination. 



. Prs- 3. — Pai'allel determination of blood and protein in the urine mat'" 

period to ascertain their quantitative relationship. It shorvs the amount of protein to ce * 
and out of proportion witli the amount of blood, indicating true and heavy albuminuria. 


It would appear that tubular function recovered very quickly since even 
on the first day no glucose appeared in the urine, and that the output was ® 
ited and conditioned chiefly by glomerular function, the latter limited, pcj" 
in activfity by the gradual reestablishment of adequate glomerular 
Thus, even at the end of the ten-day period, nncorrelated blood cells an a 
min were present in the urine (Fig. 3), 

Much of onr findings can be adequately explained on the supposition 
glomerular function w"as only gradually and imperfectly restored, while tu 


function wms quickly and satisfactorily regained. 

There is no question that the decapsulation and that th 
has restored the flow" of urine from the Iddney since the other 
untouched, did not begin functioning spontaneouslj" until tw "0 weeks lafoa- 
A pertinent question presents itself. Did the inactivity during the a 
state cause any alteration in either the glomerular or tubular fimction, or 
kidney stopped in its function just like stopping a clock and restarted i 
iU effect? Glomerular alteration should have evidenced itself by 


isprocediu-ealoa; 

kidney, remainia-- 
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of albumin in the urine after decapsulation. Albumin was found in every speci- 
men. Tubular injuiy woiikl have evidenced itself by the presence of sugar in 
the urine. ^Yo found no evidence of sugar postopcratively. 

It is apparent, therefore, that only one vital mechanism of the kidney was 
injured, namely, the glomerulus, while the tubular fimetion was not altered. 

One is unable to explain the cause of the anuria in this histance. We can 
only surmise that the glomerular function ceased because of tremendous swelling 
of the kidney, gradually increasing the tension within the renal capsule until 
the blood flow to the glomerulus ceased. This is supported by the observation 
on the operating table when we found the kidney pale brown and not red, 
evidence of great reduction in the quantity of circulating blood. 

The blood pi-essure was either not high enough to overcome the greatly 
increased intrarcnal pressure on the other side of the glomerular filter, or if 
it was sufficient and did permit normal filtration to proceed, the filtrate could 
not enter the compressed tubuli and further filtration ceased. 

From all the data obtained, we must conclude that the anuria in this case 
was due to an idiopatliic intrareiial edema. The edema wa.s gradual in growth, 
as seen from the gradual decline of the urinary output, until the pressure be- 
came so great that by complete compression of the afferent blood supply to the 
glomeruli total anuria ensued. In order to determine the modus operand! of the 
vascular mechanism in anuria, several questions must be answered in the in- 
dividual case of anuria; (1) Does the renal artery pulsate? (2) Does the 
renal cortex bleed? (3) Is tlicre blood leaving the renal veins? 

We are unable to answer these questions in this particular case as we did 
not think of them during the rapid operative procedure of the decapsulation. 
But these questions should be in the mind of every surgeon who is confronted 
with a case of anuria. Only by answering them correctly in many instances 
^rill the problem of true renal anuria be solved. The palpation of the renal 
artery is simple and quick in execution. The bleeding test of the cortex should 
not consume more than a few seconds. By making a few small superficial stab 
incisions, one can convince himself whether the cortex is rich or poor in blood. 
The observation on the renal vein is more difficult. One has to visualize the vein 
and by milking it, determine whether or not there exists an active return blood 
flow from the kidney. 

By accumulating such data, the problem of true renal anuria will narrow 
it.self down to a few causative agents and will thus enhance its future prevention 
and therapy. 



CLINICAL OBSEEVATIONS ON THE VALUE OP VAEIOUS 
XANTHINE DEEIVATIVES IN ANGINA PECTOEIS^ 


H. i\I. Massel, M.D., Chicago, III. 


A SKANAZY^ in 1895 was the first to report beneficial results with xanthines 
k in angina pectoris. Since then a number of similar reports have ap- 
peared.-"'^ Ev'ans and Hoyle® found that the xanthines did not eoinpare in 
efficiencj" with glj'ceryl trinitrate in patients with angina pectoris. Eiseinan 
and Brown' concluded that the patients’ reaction to various xanthines was 
too unreliable to judge their efficacy and to distinguish their comparative value. 
Placebos were found to give about the same degree of subjective relief as the 
various xanthines. They proposed to check the benefits objectively, using an 
exercise tolerance test leading to anginal pain as a measure of the result' 
With this objectiv'e method they reported benefits with xanthines in some 
patients, but the results with these drugs were not comparable to glycV'l 
trmitrate. Unfortunately, in our hands, the exercise tolerance test has not 
worked satisfactorily in that we® have not obtained the frequency of positne 
tests in patients with angina pectoris reported by Eiseman and Brown.' P' 
have therefore resorted to the patients’ comparative subjective reactions to 
the various xanthines, placebos, and barbiturates when several of these were 
used in the same patients in succession. 

plan op study 

Fourteen patients were selected who Avere knoAvn to have angina pecton', 
based on organic heart disease, for at least a year before starting the therapy. 
They were regular visitors in the Adult Cardiac Clinic in the Mandel Chnm 
and were able and willing to cooperate in this study bj' coming regulai'b 
taking medication as prescribed. This study was carried on over a pevio 
sixteen mouths beginning in June, 1936. Each of the 14 patients was pl^^^ 
on from three to fourteen courses of treatment, each course consisting of f 
weeks’ medication of a single drug or a combination of drugs. The me 
tion was taken in tablets four times dailj’', the tablets being given the po 
directly by the investigator in such a way that the patient did not kno"^ 
nature of the drugs given. No attempt was made to alter the hancllmr 
the patient in any other regard. 


RESULTS 


Table I summarizes the various courses of medication in the ch 
patients classified according to the patient ’s report of the effect of the 
It will be seen that thev^ fall into four courses-, xanthines (A, B, C), P 


*Froin the Cardiovascular Department, llichael Reese Hospital, Chicago. 
A. D. Nast Fund for Cardiac Research. 

Received for publication. May 16, 1938. 
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baibital (P, II), placebos (D, E), .uul tombiiiatioiis of \anthines ^Mtb plieiio 
baibital (I, J, K, Ij) 


r\rLB I 


Efffct of Drue*; on Ar^cis v Pectofis 


1 \TIE\T 

SATlSfACTOU KFLIEf OB 

1 UNFD A\ITH THE 
lOtlOMINO MEDICtTlON 

itiin FFLiEf OBrtrsrn 
WITH iiiE roLLoiriNr 
MEDIC VTION 

NO rELIEF OBTAINED 

WITH THE FOILOtnSG 
MEDIC \TION 

1 

A, A, L L 

B 

B, E, K 

2 

B, F 


A, B, B, C, D, B, E 

3 

A 


C, E, F, L 

4 

C, I, I, I, I, J, K, K, h 

A 

n, c, c, H 

5 

A, A, A 


E 

6 

A, B, C, J, K 

n D, n, JC, L 

B, E, r, I 

7 

C, C, P, E 


B, B, B, F 

S 

I, I, i 


K 

9 

A 


A, A 

10 

J, li 


H 

11 

I, I, I, K, L 


H 

12 

F 


J K, L 

13 

TI, I, I K 


A, E F, F, H, I 

14 

1. 1, 1 


F 


A Theocilc;n theobromine cnlclum fe** 'll ss q 1 d Bllhubci Knoll A Co 

B PhjUicln (theophjUln calcium <«allc\jnte) er \ q 1 d Bilhuber Knoll A Co 
C Amlnoph>llln (theophjllln ethjlenedlamlne) gr I ss qld Piibin laboratories 
D Acet}l salicjlic acid gr \ qld 
E Sodium bicarbonate gr x q I d 
F Phenobarbltal gr qld 
H E plus F 

I Theobiomine sodhun salic\late gr \ with phcnobaibilal gr ss q>d 
/ C plus P 
K B plus F 
L A plus F 

Table IT shotts tlie lesults with the xanthines, Table III the lesulfs ob- 
tained with placebos and phenobarbltal, and Table IV the lesnlts obtained 
"itli combinations of xanthine and phenobaibital 


Table H 


Effect of Xanthines Aiosf on Ancina Pfctofis 


DRtKl 

COMBINATIOV 

PATIENTS 

coursES 

roursES giving 
BEUEF 

COURSES crviNO 

NO FFLIEF 

A* 

8 

13 

9 (69 per cent) 

4 (31 per cent) 

B* 

5 

12 

5 (42 per cent) 

7 (58 per cent) 

c* 


8 

4 (50 per cent) 

4 (50 per cent) 

Total 


33 

is (55 per cent) 

15 (45 per cent) 


•See Table I footnote 


Table HI 


Effect of Placfbos anp Piienobapbital ov Angina Pectopis 


DRUG 

COMBINATION 

PtTIENTS 

coursES 

COUPSES GIVING 
FELIEF 

COUPSES GIVINO 

NO PELIEF 

1)* 

3 

5 

2 (40 per cent) 

3 (CO per cent) 

E* 

7 

S 

1 (13 per cent) 

7 (S7 per cent) 

F* 

G 

7 

2 (29 per cent) 

5 (71 per cent) 

It* 

4 

5 

1 (20 per cent) 

4 (SO per cent) 

Totil 


25 

6 (24 per cent) 

10 (76 per cent) 


'See Table I footnote 



382 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Table IV 

Effect of Combination of Xanthines With Phenobabbital on Angina Pectohs 


PRUG 

CO^tBI^'■ATIO^: 

PATIENTS 

COURSES 

COURSES GIVING 
RELIEF 

COURSES GIVING 

NO RELIEF 

I* 

6 

17 

15 (88 per cent) 

2 (12 per cent) 

J* 

4 

4 

3 (75 per cent) 

1 (25 per cent) 

K'' 

7 

9 

6 (67 per cent) 

3 (33 per cent) 

L 

7 

8 

6 (75 per cent) 

2 (25 per cent) 

Total 


38 

30 (79 per cent) 

8 (21 per cent) 


*See Table I footnote. 

The follotving were the criteria used in establishing the benefits of medi- 
cation ; Satisfactory relief with one or more drugs was considered present 
when the patient reported that he ivas able to do his usual day's work irilli 
little or no precordial pain, and felt that the medicine he was taking was 
giving him satisfactory relief, so that he used no nitroglycerin except on rare 
occasions, ilild relief with the medication was considered present when the 
patient volunteered the information that he received relief at times and had 
reduced his nitroglycerin medication considerably. No relief with a drag 
combination was considered present when the patient noted very little or no 
relief and reported the need of nitrogl 3 merin in the usual amounts. 

On this basis it was found that phenoharbital, sodium bicarbonate, and j 
their comhination, as well as aspirin, gave relief in about one-fourth of thf 
courses. The xanthines gave relief in one-half the courses, while the combi- 
nation of xanthine with phenoharbital gave relief in four-fifths of the couiso-'- 
Theocalcin alone is an exception to the other xanthine derivatives used in tint 
relief was obtained in seven-tenths of the courses. 

SUMMARY 

These results are significant in indicating that; 

(1) The xanthines used, especially theocalcin, offer a better chance or 
relief of angina pectoris, in the ratio of 2 to 1, than aspirin, sodium bicar 
bonate, phenoharbital, or a combination of the latter tivo. 

(2) The combination of a xanthine with phenoharbital offers a much c 
ter chance for relief of angina pectoi'is, in the ratio of more than 3 to 1, * 
the phenoharbital alone or in combination with sodium bicarbonate. 

(3) The combination of a xanthine ivith phenoharbital offers a he 
chance for relief of angina, in the ratio 1.5 to 1, than xanthine aloue. 

(4) While the errors inherent in such types of studies as these are » 
and the series of courses of therapj’^ used are relativety small, the results, ^ 
believe, cannot be dismissed as without significance. • 

(5) It is, therefore, concluded that xanthine derivatives do have a 
ficial effect on the subjective state of the patient ivith angina pectoiis ^ 
that this effect is definitely enhanced when the xanthine is combined 
sedative like phenoharbital. 

425 S. Pulaski Ed. 

I ivish to acknowledge my indebtedness to Dr. Louis N. Katz aC'E 

study tvas undertaken, for his guidance in the conduct of the investigation ana sclc<:" ' 

in preparing this report. I am indebted to Dr. W. C. Buchbinder for his aavice 
of patients for this study. .. come of 

The Bilhuber-Knoll and Co., and the H. E. Dubin Laboratories, Inc., supplied - 
xanthine derivatives for this study. 
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THE ErrECTS or BACTERIAL TOXINS ON ERYTHEOGENESIS* 


A Studx or HIE Periphervl Blood Picture in R vbbits JUdc 
Anemic ui Chronic Hemorrh\ge 


George 'W Willison, JI D Boston, Mass 


TN THE noimal indnidual a lomarUablj constant balance bolttcen the forces 
* of blood destruction and blood regeneration is maintained This physiologic 
equilibrium is subject to the influence of ctciy disease process in the body, local 
or systemic, by reason of the special functions of the blood and its distribution 
to all parts of the bodj Of the significant disturbances the most important 
general group is that of the anemias On tlie basis of recent advances in 
hematology, and by the correlation of clinical and laboratory studies, Hadcn’ 
has suggested the follow mg classification of the anemias (1) anemia due to 
acute hemorrhage, (2) anemia caused by eNcessivo blood destruction, (3) 
anemia resulting from depression of hone inariow function, and (4) anemia 
due to the absence of specific substances necessary in the building of normal 
erythrocytes Often a combination ot these factois is at work in the pioduetion 
of an anemia In the first gionp mentioned the cause of the anemia is obvious 
The fourth general group includes those anemias which lesult from specific 
deficiencies m the building materials and catalyst like substances which arc 
necessary in the formation and release of noiraal eiythrocytes to the peripheral 
circulation The results of defieiencios in two such elements, namely, iron and 
Tntianemic substance, are definitely recognized Sabin® has shown the points of 
action of these two substances in the maturation of the normal led blood cell 
The great majority of the anemns, liowciei, are included m gioups 2 and 3 
Anemia s resulting from CNCessive crythrocjte destruction wutliin the body maj 

*Prom the Lillj Laboratory for Clinical Research Intlanapolig Citr Hospital and the 
uepartment of "Medicine Indiana ■Onl\crsit> School ot "Medicine Indianapolis 

This study ^as made possible bi a grant provided b> the Henrj Strong Denison Founda 
tion for Medical Research 

Received for publication May 23 1938 
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be due to hemolytic poisons such as mushrooms, nitrohenzol, and snake venom, 
to bacterial toxins, to destruction of red cells by malarial and other parasites, 
or to abnormal erythrocyte fragility. Marrow poisons, such as benzol and lead, 
bacterial toxins, excessive irradiation of the bone marrow, and invasion and 
replacement or destruction of marrow by other tissue (osteosclerosis, malignancy, 
leucemia, etc. ) are recognized as causes for the anemias due to depressed toe 
maiTOw activity. 

It is significant that bacterial toxins appear as causative factors in Ml 
groups 2 and 3. Infections are unquestionably the greatest single cause of 
anemia and they produce the greatest variety of clinical tj^pes. So variable 
are the results of clinical and laboratory studies within this group that flicy 
possess no group diagnostic value. The mechanism by which anemic states are 
produced by bacteria and their toxins has iiad no adequate explanation. Present 
evidence would seem to indicate that there are probably a concomitant depression 
of the bone marrow and an increased red cell destruction.’® 

Further studies on the etiologic relationship of bactei'ial toxins to th 
anemias would be valuable. The present investigation was made ivitli tliis 
tbougbt in mind. In this series of experiments tlie data have been obtained In 
study of the periplreral blood pictui’e. Investigations by Steele^ and others'’ 
have sboum the close correlation of the bone marrow pattern and the perijilicral 
blood picture. The reticulocyte count is a sensitive and reliable index to the 
state of erythrogenie activity of the bone marrow. Steele said, “The marrofffimh 
direct expression in terms of the cells of the blood.’' For this investigatio" 
standard tetanus and diphtheria toxins, streptococcus and staphylococcus lieaia- 
toxins, and diphtheria toxoid were used. 


METHOD 

These studies were made on adult rabbits taken from stock. An.v lahhh 
showing signs of disease, injiuy, or other abnormal change was discarded an 
its records were excluded from the general data. An adequate diet vas guan 
to the rabbits and water was available at all times. , 

Each rabbit was observed for a varying period to detei'mine normal ao 
values. Red and white blood cell counts, hemoglobin values, reticulocj « 
counts, and rectal temperatures were taken at frequent intervals. The noinw 
control period was followed by a period during which the rabbits were subyc e 
to frequent bleedings, so regulated as to produce a chronic anemia with as con 
stant a retieulocytosis as possible. , . 

The rabbits wei-e made anemic by repeated bleedings to stimulate ° 
cyte production. In the presence of increased erythrogenie activity, 
in the degree of reticulocyte response are shown more strikingly and 
changes are more clearly discernible. Also, chronic hemorrhage creates a 
stant demand for red blood cells in the peripheral circulation. Erytliroe.^^ 
are not stored, but are rapidly delivered to the peripheral blood, and 
possible source of error is eliminated. . 

While in this chronic anemic state, tlie rabbits were given the vanaas 
terial toxins. Sulisequent red and white blood cell and reticulocyte conn 
hemoglobin values were taken until the animal died or until signihaan 
changes had ceased. Concomitant I’ccords of weights and temperatui'a^ 
kept. 
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^ Blood ^^as dtawn punctuic of a \em at tlic base of the car Staiidaid 
pipettes and eounti!ij( eliambeis "Wtic used in making; the icd and \\lntc cell 
counts Ileinoglobni lc\cls ^\clc dettimined bj the Ncucomei method, on the 
instrument used, 100 pei cent ^\as cquualcnt to 15 6 gm of hemoglobin in each 

* 100 ec of blood Retlculoc^tc counts ueic made fiom blood smeais prepaicd 
on co^e^ slips stained ^^lth bnlbant cies\l blue and countci stained %Mth AViight's 
stain Tliese sincais ^\elc also e\ammcd for \aiiations in size and shape of the 
icd blood cells and foi the presence of iioimoblasts 

^ In adnunibtciing the ^a^lous to\ins and bactcual pioduets to the rabbits no 

* standaid pioceduic ^sas followed AVith the exception of the Staphylococcus 
^ mueus hcmotoMii all injections wcic gnen snbcutancouslj , this pioduct was 
t injected into the muscles of the thigh The dosages of the toxins used were 
- ^arled Doses of tetanus toxin, ranging fiom sublcthal amounts up to several 

- times tlie lethal dose, weie given Bv a pioecss of trial and ciror the lethal dose 
of diphtheiia to\iu was deteimincd and sublethal and finallj lethal doses were 
given Increasinglj large doses of stieptoeoeeus and staphjloeoecus hemotoxins 
• and of diphtheria toxoid were admmisteicd 

‘ Neeropsv was peifoimcd on all animals that died Poitions of tibial bone 
manow, spleen, hver, and kidnej were fixed in Zenker’s and Carnot’s solutions 
The tissue was sectioned and stained with hcmaloxvbn eosin and Gicmsa stains 

THE EFFECTS 01 TET \NUS TOXIN 

The rabbit possesses consideiable natiual lesistance to tetanus toxin When 
this toxin IS injected subcutaneouslj , tlie subsequent developments depend upon 
the rate of administration as well as the total amount of toxin given A single 
lethal dose wull cause death in seven oi eight dajs m the aveiagc rabbit Five 
or SIX da>s after the injection of the toxin, muscle spasms develop neai the site 
of the injection and gradually spiead to the rest of the bod> The muscle hv per 
tonicity increases and convnilsions occur after stimulation, followed bj lUteivals 
during which the animal lies cxliausted FmaJl} the animal dies m a state of 
extreme general tonic contraction If the fiist or first few injections arc not 
sufficient to oveicome the labbit’s natural resistance and its lapidlj developing 
acquired immunitj , it does not succumb AVhen sublethal doses are emploj ed 
^ m the beginning, the amount of toxin can be lapidly increased to manj times the 
lethal dose without causing permanent damage to the rabbit 
^ The peripheral blood values of six rabbits were detei mined bj fiequent 

examinations for a peiiod of several weeks and the animals then subjected to 
repeated bleedings After the bleedings were begun, theie was an immediate 
" retieulocjte lesponse in each case The rapiditj with which the retieuloevte 
^ percentage rose depended upon the degree of hemorrhage to which the animals 
were subjected and to individual differences in response In geneial. the moie 
quicklj blood was taken, the quicker the response For a few davs the absolute 
^ number of reticulocj tes per cubic millimeter was usuallj lelativciv less than the 
it* letieulocjte percentage because of the loss of manj red blood cells EaiU 
obseuations indicated that if the fiequency and size of the bleedings wcie so 
regulated as to hold the led blood cell count between 3 500,000 and 4,000 000 
per emm , there would be established a fairlj constant leticulocvtosis, averaging 
/ about 20 per cent and equivalent to an absolute number of reticulocj tes ranging 
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from 600,000 to 800,000 per c.mm. TMs anemic state could be maintained for 
months and retieulocj’’tosis held at a high level. The anemic control period pa- 
considered that period between the first high point in the reticulocyte level 
and the beginning of toxin administration. Standard tetanus to-xin nas ad 
ministered subcutaneously to the animals in varying doses and at various la 
tervals. Blood studies were continued until the animals died or until significant 
changes in the peripheral picture had ceased. 

The most strildng observation was the marked contrast in the values oh 
tained from those animals which had received a lethal dose of the toxin and 
those which had not. In the former group, duX’ing the period of intoxication a 
very dramatic drop occurred in reticulocyte production, whereas in the latte: 
group this was slight and transient. 
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Chai t 1 — Observations on the blood of Rabbit 15 injected t\ ith tetanus to\in in awo 


During the anemic control period the average red blood cell 
animals receixdng a lethal dose of the toxin was 1,760,000 per c.nun lover 
in the normal control period. The average reticulocyte count was 670, 
c.mm,, or almost five times greater than the normal value. The 
bleeding during the anemic control period was 20.3 c.c. From the thir 
seventh day following the administration of toxin a decline 
reticulocyte percentage which w'as progressive until death oeeuri®^ 
average red cell count of 3,410,000 per c.mm. at the time of the g^gjoOOO 

of toxin corresponded closety to that at the termination of the period, • 
per c.mm., xvhereas the absolute number of reticulocytes had dropped o 
original 720,000 per c.mm. to a terminal 140,000, or more than a five- o 
tion. After the toxin injections were begun, I’abbits receixnng lethe 
of the toxin were bled less often, and much less blood was removed t wn 
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the anemic contiol peiiod Dining the peiiod of intoxication the a\erage daily 
bleeding iias onlj 10 S c e as compaied to a dail} aieiage of 20 3 cc during 
the anemic contiol period Bj so icdiicmg the size and fiequencj of the bleed 
mgs following the toxin injections, the led cell count nas maintained at the 
pietoxm lc\el, but theie nas a inaiKed, piogiessne decline in letieulocjte \alues 
Chart 1 illustiates in giaphie foim the course of blood i allies in Habhit 15, 
which IS tj^pical foi the animals leeeiMiig a lethal dose of toxin 

The data foi animals iccening suhlcthal doses of the toxin weie leij similai 
to those III the group ahoie up to the point at which toxin administiation was 
begun Subsequcntlj the two gioups wcie in niaiKcd contiast In the animals 
icceiMiig snblethal intoxications onh tiansiint ihangis wcic noted in the peiiph 



Chart 2 — Observations on tlie blood of Rabbit 29 injected w ith tetanus toxin so as to produce 
subletlial intoxication 

eial blood After a shoit letKnlotjte depiessiou of xaning degiee leticulo 
cjtes again appealed in numbers equal to those present during the anemic 
control period The ateiage dailj bleeding aftei toxin injection was 14 5 cc 
as compared to 16 8 c c for the anemic control period Terminal red blood 
cell and hemoglobin i allies laricd onli slightlj fiom pretoxin lei els In Cliart 
2 are presented blood i allies of Rabbit 29, which are tj-pical foi the animals 
receiving snblethal doses of the toxin 

In the eaily stage of the anemia in all labbits nnmorous laige reticulocytes, 
heavily laden with hemoglobin, weie seen in the blood smears After the anemia 
bad existed for some time, occasional normoblasts weie always picscnt Poly 
cluomatophilia and anisocjtosis were constantly noted The aieiagc final led 
cell count foi alt animals was 66 per cent of the control value, whereas the 
final hemoglobin lex el was 70 poi cent of the normal value Thus, in spite of 
long continued bleedings, the hone marioxv delixeied noimal or slightly hyper 
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chromic red blood cells into the peripheral circulation. In some instances Hiere 
was a slight temperature rise following the toxin injections, hut these changci 
were not constant. When the intoxication was lethal, a subnormal temperature 
existed for some time before death. Without exception the animals gaiud 
in weight through the normal and anemic control periods. Those that did 
lost from IY 2 to 3 pounds in the terminal stages. Those not receiving a fetW 
dose sliowed no characteristic or significant changes in weight. No constajt 
variations in the white blood cell counts were noted. 

At post-mortem examination the red marrow of the animals that died ra 
definitely hyperplastic. Eed marroiv filled the cavity of the femur and occiipid 
two-thirds or more of tlie proximal end of the tibia. Itlicroscopie e.varainatioii 



■ and 

of certain sections of the bone marrow showed a highly cellular 
a decrease in fat content. The sinusoids were dilated and engorged, an 
appeared to be an increase in the proportion of erythroid cells. There 
relatively little nuclear division. Other marrow sections, probably 
lower third of the tibia, were not hyperplastic, indicating that theie 
room for expansion of the hematopoietic function. Sections of the sp een^^^^ 
not show an unusual amount of phagocytosis of red blood cells or ot ’’ 
debris. Some showed a moderate amount of material having the 


hemosiderin, but this was not particularly striking. Sections of the 
areas of toxic degeneration. 


EFFECTS OF DIPHTHERIA TOXIN AND TOXOID 
A lethal dose of diphtheria toxin injected subcutaneously into e 


will cause death in eighteen to ninety-six hours, depending upon 


f-ibliii 

the she of 
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doic If a SGnes of smallei doses is gnen so as to pioduce lethal intoxication, 
the animal -will sui\i\e loiigei and slioi\ piogicssnc paralysis and cachexia 
The peiiphcral blood of thiec labbits ^\as examined fieqnentl> for a peiiod 
of se\eial dajs to detciminc noimal blood ^aIutb A fairlj constant anemia ■\Nas 
established b} chionic heinoirhage Two ot the animals nere giien snbeu 
taneoiis injections of vaijing doses of diphthcm toxin, and the thud receued 
lepeatcd doses of diphtheria toxoid 

At the beginning of the pcixod of intoxication leticuloejte ^ allies for both 
labbits iccciMiig diphthciia toxin weic high, inmcl\ an aveiage of 690,000 pei 
emm , as compaicd to the iioiinal \aluc of 180 000 means of SG\eial tiials 
the lethal dose of toxin for a labbit ^\as dttcimiiKd To one of the rabbits a 
letlial dose was administeicd in a pciiod of foui dajb Immcdiateij attei the 
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Chart 4 — Obseivatlons on the blood of Rabbit 65 injected with diphtheria toxoil 

first injection there began a rapid leduction in the niimbei of reticulocj tes m 
the peripheial blood which continued until death To the other rabbit a single 
sublethal dose Avas first gi\eii and the blood Aalues followed for one month be 
fore a subsequent injection of toxin During this period of observation and 
Avhile the led blood cell level was maintained fairlA constantlj, there Avas a 
drastic reduction in the nnmboi of leticnlocjtes Avhich persisted Turther fatal 
doses of the toxin produced a still greater drop of reticulocytes Values for 
I^abbit 35 aie showoi giaplucally in Chart 3 

Although in the one case the period of intoxication Aias short and in the 
othei it was prolonged, the blood Aalues shoAV Acry similar general tiends 
V^hereas the average pictoxin icd blood cell count Avas 3,310,000 and the absolute 
number of i eticulocj tes 690,000 pel c mm , the terminal i cd blood cell count Avas 
3,060,000 and the letieuloejtes 210,000 per enun Tins more than threefold re 
ducUon in the reticulocytes AAOuld haxc been greatei had the tcimiual red blood 
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cell count coincided more closely witli the former, for, in these prolongei 
chronic anemias, additional bleeding with reduction of the red blood cell coniil 
always caused an increased outpouring of reticulocytes in the peripheral hM 
Compared to an average daily bleeding of 14.6 c.c. during the anemic coato! 
period, only 9.5 c.c. were taken each day during the period of into-xicatioB. 
Thus, while one-third less blood was being taken daily and the red cell com! 
decreased slightly, a very conspicuous reduction occurred in the number d 
reticulocjTes in the peripheral blood. 

E.xamination of the blood smears revealed frequent normohlasfs. In Ik 
later stages anisoeytosis was prominent, and many of the cells were exlremek 
hjqiochromic. The terminal hemoglobin value was 52 per cent of the nomial 
value, and the red blood cell count was 57 per cent of the normal ; hence, tovaii 
tlie end of the course there was a drop in the color index. During the perioi 
of intoxication there was a gi-adual weight loss, varying from 1% to 2% pounh. 
Each toxin injection was followed by a temporar}^ temperature rise up k ^ 
much as 1° F. The toxin also produced a varjdng degree of leucoeytosis. H 
necropsy an extension of the red maiTow of these animals was apparent and 
the marrow shoived definite hyperplastic changes. 

Chai't 4 shows the values in the rabbit given diphtheria toxoid. Tliisroa- 
terial was administered subcutaneously in 1 e.e. doses and was repeated eveiy 
second to fourth day until the animal suceumbed. The variations in tk red 
blood cell and retieulocjde counts were no gi’eater than might have been e.%'pcdw 
had the diphtheria toxoid not been given. The percentage and absolute nn®d)cr 
of reticulocytes remained high until the death of the animal. Death was at- 
tended by an extreme diarrhea, \nth rapid dehydration and wasting. A strikffi? 
fact in this case, although the bleedings were not unusually excessive or pro- 
longed, was the low hemoglobin level. TiTiereas the final red blood cell count 
was 69.8 per cent of the normal eonti’ol value, the terminal hemoglobin va w 
was only^ 52.8 per cent of the original. Whether the diphtheria to.xoid act 
directly' or indirectly' to produce this marked lowering of the color indax is a 
conjectural point. 


EFFECT OP STREPTOCOCCUS AND STAPHYLOCOCCUS HEMOTOXINS 
The pathogenicity of the soluble exotoxins of Streptococcus 
rabbits varies greatly, depending on the xdrulence of the strain, V'/. 

the toxin of Streptococcus scarlatinae xvas chosen as faiidy characteristic o 
toxins produced by this group of organisms. The staphylococcus toxin 
prepared from a strain of Staplnjtococcus aureus isolated from a 
was ascertained that this strain po.ssessed a fairly high toxigenic 
produced a filtrable toxin which was hemoly'tic. The exact unit streHc 
these toxins was not determined, hut they were considered to be represen a 
of the two groups of organisms. 

The peripheral blood values of four rabbits were determined by 
e.xaminations for sex'eral days, and the animals were then subjected to 
bleedings. When the retieiilocy^te response had reached a high sustaine 
two of the rabbits were given increasingly"- lai’ge doses of Streptococcus scar 
hemotoxin subcutaneously. The other two reeeix'cd increasing intramu 
injections of Staphylococcus aureus hemotoxin. 
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Chart 5 shows graphically the coiu-se of peripheral hlood values of Eabbit 
72, which is tj'pical for both rabbits rccciring streptococcus toxin. The total 
dosage given each of the animals was verj' large. Karly small doses produced 
a reduction in the number of reticulocytes which was only temporarj'; to main- 
tain the lower reticulocyte values the dosage had to be rapidly increased. This 
fact is best illustrated by the course of Rabbit 72 in which the reticulocytes 
after a transient depression rose almost to the pretoxin level and only after very 
large doses of the toxin did they drop to a low level. The average final value of 
reticulocytes in the peripheral blood of both animals was 380,000 per c.mm. as 
compared to pretoxin value of 870,000; this drastic reduction occurred with 
scarcely any change in the red blood cell count or in the hemoglobin percentage. 
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Chart 5 . — Observations on the blood of Rabbit 72 Injected nith strepfococena srarlatinnc 

tiemotoxm. 

The average daily bleeding was only 7.6 c.c. during the period of into.xication 
as compared to 16.4 e.c. for the anemic conti'ol period. 

The toxin injections occasionally caused a temporary rise in temperature (in 
one case, 2.5° P.), but this change was not constant. A small increase in the 
number of leucocytes followed the toxin administration. No significant weight 
changes were noted. Blood smears show'ed anisocytosis, polychromatophilia, and 
occasional normoblasts. 

Chart 6 shows the course of blood values of Rabbit 68 which received 
staphylococcus toxin. For several days this animal was given relatively small 
doses of the toxin. After a rest period of fen days in which no toxin was given, 
injections of larger dases were resumed. The initial injections produced a de- 
crease in the number of reticuloejdes, but during the rest period it increased to 
the pretoxin level. When toxin administration was resumed, the reticulocytes 
again fell off rapidly. A second rabbit was given five increasingly' large doses 
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of the toxin on consecutive days. In this case, there was a progressive reduction 
in the number of reticulocytes. The average reticulocyte count for both rahhib 
at the termination of the study was 360,000 as compared to 690,000 per c.miii, 
for tlie anemic control period and 530,000 just before the toxin administration. 
An average of 5.6 c.c. less blood was taken daily during the period of intoxica- 
tion than during the anemic control period. The fact that as much blood was 
taken daily from Babbit 68 after the beginning of toxin injections as before can 
be ascribed chiefly io the rest period of ten days between injections, when the 
reticulocytes reached the pretoxin lexml. Average values revealed that staphylo- 
coccus hemotoxin in large doses produced a definite reduction in the nnmher of 
reticulocjdes in the peripheral circulation. 

Injections of this toxin called forth a moderate leucocytosis in both animals. 
Slight temperature elevations sometimes occurred following the toxin, but these 
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Chart 6. — Observations on the blood of Rabbit 68 injected with Staphylococcus aureus hemotf 


were trairsient and not constantly observed. Both animals lost a small amo® 
weight, 1/4 to V 2 pound, during the period of intoxication. Examinatio’i^^ 
the blood smears slioxved anisoeytosis, polychromatophilia, and occasional nor 
blasts. 


COJrSIENT 


The mechanism by xvhich bacterial toxins produce anemia has 


not been 

. blood 

nil- 


fully explained. In the course of acute bacterial infections, in xvhicli t ic 
stream is invaded, there is increased hemolysis of red blood cells. To an^ 
loiowm extent such infections are believed also to exert a depressing o 
bone marrow activity." In the very common “secondary anemias 0-“’ 
xvith chronic infections, the process by which the anemia is produce 
obscure. Yet in such chronic infections as rheumatic fexmr and chionic 
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Myelitis there is often a profound anemia At times small, hidden, or apparently 
' unimportant foci of infection may be responsible for an anemia of modeiate 
degree 

' In this study additional data eoneeinmg the origin of this type of anemia 
have been collected by a study' of the pciipheral blood In order that minor 
t changes in the marrow aetn ity might be discerned and all variations be brought 
out more stiiUiiigly', the mairow was thiowii into a high degree of erythrogemc 
activity by repeated bleedings Also, in the piesenee of a chrdhie anemia, when 
there is a constant demand foi more red blood cells m tlie peripheral ciroula 
tion, young cells aic rapidly delncred to the blood By maintaining this want 
lor more cells, the stoiago of matuic cells in the marrow or other organs is 
precluded, and thus a possible sonicc of eiior is eliminated 

The admmistiation of bacterial toxins to rabbits previously made anemie 
by bleeding produced a distinct rcdnetion m icticulocyte values in all cases 
In the intoxicated animals the average daily bleeding leqiiired to maintam the 
red blood coll count at the piotoxin level was teduced m oveiy instance It is 
obvious that the toxius entcied into the pictuie as etiologio factors in the mam 
tenanee of the anemia If the action of toxin liad been piimaiily that of internal 
blood destruction, then reticulooy tosis should have been further stimulated, just 
as additional bleeding adds an extra impetus to blood foimation, but this was 
not true 

The rod bone mairoiv of the animals that vveie exammed at necropsy was 
definitely hyperplastic Histologic exammation slioiied the tissue to be highly 
cellular, with an appaiout moioaso m the pioportion of erythroid cells, and the 
sinusoids dilated and engorged The ahsence of evidence of unusual erythro 
phagocytosis in the spleen sections suggested that erythrocytes were not hemg 
destroyed in excessive amounts This seemed to indicate that the failure to 
maintain the red blood cells in the peiipbcral blood at the pretoxin level was 
due to factors relating to the bone marzoiv Declining reticulocy'te counts with 
associated reductions in the amount of daily bleeding in the presence of marrow 
j hyperplasia suggested that the mechanism was an interference with the raatura 
tion of cells and their delivery by the bone mariow to the peripheral blood 
Significant changes m the mairow activity, as levealed by a study of the 
peripheral blood, aio sliowm in Table I 

Table I 


AVErAGE KETICULOCVrE VALUES ASP BLEEDIAG PaTV OF E VBBITS BefOFE AND AFTER THE 

Injection op VIatious Bacterial Tozixs 


f 

B\CTEriAIi ^rOSIN USED 

AVETAUB 

PFETOXIN 

rETICUEOCYTE 

VALUE 

AVEP \(JB 
terminal 

rEtnCULOCYPE 

VALUE 

AVEKAOB DAILY 
BLEEDING 
ANEMIC CON 
TPOL PEPIOD 

AVEFAGE DAILY 
BLEEDING 

PEPIOD or 

INTOXICATION 


MtUtons 
per emm 

per emm 

C C 

C C 

Tetanus toxin 

3 Lethal amount 

0 72 

014 

20 3 

10 8 


0 72 

0 73 

308 

U5 

Diphtheria toxm 

0 69 

0 21 

14 G 

95 

"■ * 

0 85 

0 76 

17 8 

14 9 


0 87 

0 38 

16 4 

76 


0 53 

0 36 

13 4 

78 
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Other factors have been shown to inliibit marrow activity. In a series of 
anemias of varied etiology, Eiech® showed that large transfusions were followed 
by a drop in reticulocjdes in the peripheral blood and interpreted this change 
as probably due to a decrease in the normal stimulus for marrow activity. Smith- 
burn and Zerfas® have pointed out that during the period of hyperpjnexia in a 
bacterial infection there was a marked reduction in reticulocytosis. In a stud; 
of the anemia ivliich occurs in cases of chronic nitrogen retention, Parsons and 
Ekola-Strolberg^” concluded that the anemia was produced by depression of bone 
marrow activity. The effect of fever alone upon reticulocyte production and 
the effects of foreign protein shock and the plienomenon of hypersensitivity on 
marroAV activity have not yet been explained. 


SUMMARY 

Representative bacterial toxins were administered to rabbits in wliich a 
high degree of erythrogenie activity had been produced by chronic hemorrhage. 
The red blood cell count and hemoglobin value xvere maintained at fairly con- 
stant levels by regulating the degree of liemorrhage. 

Studj^ of the peripheral blood revealed in all cases that bacterial intoxication 
produces a definite but variable reduction in reticulocyte values. Standard 
tetanus and diphtheria toxins in lethal doses markedly interfered with noi*! 
marrow activitjL Sublethal doses produced temporary changes. Diphtheria 
toxoid caused little effect. Streptococcus and staphylococcus hemotoxins pro- 
duced definite but milder interference with erythrogenesis. 

In the period of intoxication, the average daily bleeding required to mam 
tain the pretoxin anemic level xvas reduced in all cases. The absence of cm oo 
of excessive red blood cell destruction pointed to disturbed bone marrow actni^b 
Evidence presented here indicates that interference with normal marrow ac 
is an important factor in the production of anemias b.y bacterial toxins a^^ 
suggests that the mechanism is an inhibition of maturation of the cry w® . 
in the bone marrow, xvith consequent failure of delivery of adequate niim 
of cells to the peripheral lilood. 

G05 Commonwealth Avenue 
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AN ATTEAtPT TO JIOBILIZE EIPOIDS TROAI STORAGE DEPOTS BY 
DEEP AIASSAGE AND INCREASED TISSUE TEMPERATURES*^ 


J SnoitT, MD, \\D John DfPmi C\ hrfsce MD 
Ni \\ A ORK N A 


’^IIE object of tins stnd\ A\as to cleteuinne \Uiethei oi not tnts could be niobi 
* lized ±10111 then depots In meehanieal oi thcimal miaiK Heat and massage 
have been employed foi leduetion puiposts fiom time immcmoiial Claims for 
local rcmo\al of fat b^ massage aic often made It it lie possible to mobilize 
fat bj this means, uould lipoids appeal in the blood stream in sufficient quan 
titles to be detectable bj quantitatnc ehemKal anah sis ^ 

Bodj lipoids arc usual]} classified undei thice headings (a) tiiie fats, or 
tn gl}coiides of fatt} acids, (b) hpids oi phospholipids combinations of fatty 
acids uitb phosphoius, cithci uith oi nithout nitiogcn, (c) nonsaponifiable 
substances of somculiat siniihu natiue, such as the stoioh of uhich cholesteiol is 
the chief repiosentatue m the animal oiganism Distinctions aie sometimes 
made between the tissue fat and the stoiagc oi depot fat foi nlnch theie is some 
justification Fats are loadih mobilized fiom the stoingc depots m response to 
a demand foi fuel In extreme emaciation, }iouc\or, a certain amount still le 
mams in the tissues This tissue fat has been eaikd b> Uic French the “^I^ment 
constant” and has been found to consist of phospliohpids This does not mean 
that phospholipids aie una^adalilc foi heat and eneig}, but depot fat seems to 
be more readil} utilizable foi this pmpose 

Human depot fat is comiiosed largeh of stcaiin, palmatin, and olcm The 
fiist two aie fulU salinated and aie solid at bodj tempeiature Olem is un 
satmated and liquid at e\cn loss tinii bodi teinpeiatuie Tins mixtiue of depot 
fats IS liquid in the bod^ because of the high piopoition of olein which com 
piLscs approximate!} 75 per cent of the mixture Steal in in present onl} in a 
negligible amount, while palmatin is present to the extent of about 20 per cent 
Just how fats are mobilized to the tissues is somewhat obsenic In the m 
testmes the} aie emulsified b} the bile, and split b> the lipase of the pancreatic 
secretion and the succus entciicns The} aie then absoibed into the laeteals 
and earned to the thoracic duct tliiougli which thei obtain cntianee to the blood 
stieam Blood fatt} acids begin to incieasc about two houis aftei a meal and 
leach a peak about three to five hours latei, when thci then decline There is 
e\idence that the phospholipids and steiols plai a lole in the ies}nthesis of 
neutral fat, and in its mobilization and deposition m tlie depots Theie is further 
eiidence that fiee fat can entei the fat cells of the leseive depots unchanged, 

,, •From the Depirtments of Medicine and Pm‘«ical Therapj J7e^\ Xork Post Graduate 

Hospital 
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Table I 

Effect of Deep Massage Upon Eatty Acids and Cholesterol of the Blood in Obesity. Oe- 
Half Hour Deep Massage Over Obese Areas. 


CASE NO. 

FATTY ACIDS 

CHOLESTEROL 

BEFORE 

AFTER 

PER CENT 
-t- OR - 

BEFORE 

AFTER 

PER CEXI 
■fOE- 

1 

302 

391 

+ 8.0 

170 

193 

+ 9.7 

2 

384 

376 

- 2.1 

240 

230 

- 4.2 

3 

446 

421 

- 5.6 

187 

193 

+ 3.2 

4 

397 

441 

+11.0 

181 

200 


5 


401 

+13.6 

207 

207 


6 

411 

459 

+11.8 

183 

1S8 

+ 2.7 

7 

402 

390 

- 3.0 

236 

172 


8 


691 

+ 3.4 

274 

264 

- 3.S 

9 

361 


- 8.6 

182 

176 

- 3.3 

10 

307 


+18.5 

176 

160 

- 5.7 

11 

365 


-14.2 

150 

102 

+ S.0 

12 

218 


- 8.3 

176 

193 

+ 9.1 

13 

224 

227 

+ 1.3 

240 

272 


14 

341 

354 

+ 3.8 

215 

222 

■f 0.3 

15 

409 

414 

+ 1.2 

187 

200 

+ 0.9 

le 

388 

367 

- 5.4 

193 

208 

4 7.S 

17 

270 

284 

+ 5.2 

162 

166 

•f 2.5 

IS 

378 

361 

- 4.6 

200 

206 

msm 

19 

362 

390 

+ 7.8 , 

230 

222 

- o.a 

20 

498 

504 

+ 1.2 

240 

230 

- i.l 

Average 

377 

384 

+ 1.8 

202 

204 

+ 1.0 


Table II 

Effect of Local Heat Upon Fatty Acids and Cholesterol of the Blood in Obesity. Ai® 
Heated by hleans of Induction Coils and Short Wave Therapy. 




FATTY ACIDS 



CHOLESTEROL 


CASE NO. 

BEFORE 

AFTER ! 

1 

PER CENT 
+ OR - 

BEFORE 

after 

PEE CEXI 

4. or. - 

'If' 

-16.6 

21 

485 

555 

+14.4 

300 

300 

22 

385 

339 

-11.9 

240 

200 

23 

457 

585 

+28.1 

260 

214 

+ 3.9 
- 3.4 

+ W 

24 

505 

487 

- 3.6 

231 

240 

25 

407 

418 

+ 2.7 

230 

222 

26 

390 

404 

+ 3.6 

206 

222 

Average 

438 

465 

+ 6.2 

245 

233 



but to gain access to the tissue cells, such as the liver, the fatty acids roust firs' 

be converted to a phosphatid by the addition of phosphorus and nitrogen. 

In a former study, the writer demonstrated an increase in the tota 

fats following ether anesthesia.^ This was attributed to the solvent e ec 

]\Iiuhn and 


ether and its ability to carry fat ivith it into the blood stream. 


stud.'' 


Eiehe- reported an increase in blood fats after exercise in 1916. lu 
active exercise was not used, but merely ^ugorous liea^w massage for one 
to one hour over areas like the thighs and hips of obese indiwduals 
was particularly in evidence. With the patient in the postabsorptue 


state- 


blood was taken before and immediately follovdng the massage or 


I 

thermal tree-' 


ment. It was then analyzed for total fatty acids and cholesterol. Total acc^^^^ 
bodies were done on the earty experiments, but were discontinued^ heca^ 


were uniformly within normal limits. The findings for fatty acids 
terol are shown in Tables I-TV, 
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Table III 


Effect of Local Heat Followed bj Deep Manage Upon Fattj \.cids and Cholesterol of the 
Blood m Obe-^itj Heat bj Induction Coil 


C\SE NO 

1 1ATT\ ACinS 1 

1 CHOLESTEROL 

BEFORE j 

AFTEP 

PEF CENT 
+ OP 

BEFORE 

' AFTER 

1 PER CENT 
+ OR - 

27 1 

442 1 

400 

+ 40 

387 

107 

-10 7 

28 ! 

387 i 

35S 

7 5 

2j0 I 

230 

- 80 

29 

403 

390 

" 2 

200 

273 

+ 50 

30 

401 

331 

175 

240 

230 

4 2 

A\crage 

408 

385 

59 

2>4 : 

225 

- 3S 


Table IV 


Effect of Artificial Fo\cr Upon Fath \cids and Cholesterol of the Blood m Obesitj Blood 
Tal cn After VpproMniatolj Thirt} Minutes' Immersion m Tank of Hot Water 
With Oral Icmperaturc at 101“ F 



FVTTV ACIDS 

CHOLESTEPOL 

CISE NO 








DEFOPE 

AFTER 

+ OP - 



+ OR - 

31 

335 

390 

+lo4 

213 

222 

+ 39 

32 

329 


+21 r 

230 

240 

+ 44 

33 

SS2 

375 

1 6 


230 

- 80 

34 

397 


+ 18 

171 

174 

+ 17 

35 

384 

388 

+ 1 0 

187 

187 

00 

3C 

347 

339 

*> a 

193 

ISl 

- 02 

37 

438 

422 

37 


200 

13 3 

Average 

373 

388 

+ 

Z2l 

219 

09 


COMMENT 


There is some obscurity about the means by which fats are mobilized from 
their depots from the pioduction of heat and eneigy It seems reasonable to 
believe that mechanical and theimal means, such as ^\eie used in these e\peri 
ments, might cause a sufficient added increment to the blood stieam to be detect- 
able by chemical analysis This was not pro\ed to be the case Se\eral explana 
tions of our negative findings suggest themsches (a) lipoids cannot be mo 
bilized from their depots by the means cmplo\ed, (b) the amount mobilized 
was too small to be detectable when added to the ielati\ely large volume of 
circulating blood, (c) a sufficient time intci\al was not allowed to peimit the 
lipoids to reach the blood in gieatcst conceiitiation, (d) fluids wcic simulta 
neously mobilized fiom the tissues aihieh, by blood dilution, obsciued the added 
increment of lipoids Fiuther studies will he nceessaij to determine which e\ 
planation is correct 
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SKIN REACTIONS^ 


VI. A Simple 3.Iicromethod for tub Assay op HiSTAinsE in 
S lA'MjrALiAN Blood 


Harold A. Abramson, M.D., and J, Ochs, A.B. 
New York, N. Y. 


INTRODUCTION 


I N THE absence of higli concentration of electrolytes, histamine in dilutions! 

high as 1 .-5,000,000 may be detected by ivlieal formation when forced ini 
the human skin by means of the direct electrical current.^ That is, if some si 
sorbent material is wet with a solution of histamine and made the positive p 
by means of a suitable metal contact, at comparatively low current densitic 
sufficient histamine is carried into the skin bj^ ionic and electro-osmotic tran 
port to produce its characteristic effect In view of the difficulties attendai 
both upon the chemical determination of histamine and upon biological asss 
by means of the contraction of smootli muscle, a simple method to detect hi 
tamine in the presence of blood would be desirable. This method, based upc 
the response of the skin by wheal formation subsequent to electrical transpo 
of histamine into the skin, has now been developed and foi-ms the subject i 
this communication. 


■METHOD 

Sojo-ce of Current. — Tlio apparatus previously described by Abramson a' 
Alley'^ may be used if it is desired to make more than one determination at 
time. The equipment consists merely of a 45 volt B battery which can he tap]'' 
through one or more pofeutiometer.s. Jlilliammeters reading from 0 to 5 Va. 
in series in the circuit of the subject. 

Electrode Materials . — The absorbent material containing the soUition so 
peeted of havdng Jiistamine is placed in contact with the skin of the 
peet of the forearm, a metal electrode being emplovmd to establish eoatari 
the source of current. The succe.ss of tlie method depends upon its 
bilitj-; and the reproducibility in high dilutions depends largely upon 
of the material for the electrodes. After some experimentation, the 
gauze electrode described by Abramson and Alley was discarded in fmo^ 
electrode of light copper foil, curved slightly so that it rested evenly on 
absorbent electrode. The pressure was thus distributed uniformly hecanso 
foil is thin enough to yield to pressure before the .skin itself is 
distorted. Pressure on the developing wheal may retard or prevent i 
pearance. 


‘From the Bioloffica) Laboratory, Cold Spring Harbor, the Medical Service oI P 
Bachr. and Laboratorie.<! of the Mount Sinai Hospital, New York. 
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The following absoibcnt mateiials wcie tested absoibent cotton, Canton 
flannel, blotting paper, and asbestos papei Clcetiodes (inning an area of 1 
sq cm) of these mateiials weie examined with special refeienee to their use 
fulness at low concentiations Although the blotting papei is ad\aiitageous 
as fai as iinifoiniit^ and case of handling aic conceinecl bettei distiibiition of 
picssiuc and electiical contact was obtained with absoibent cotton Siupris 
ingl} small ^olllmes of liquid aie needed to wet 1 sq cm of cotton or blotting 
papei between 1 to 2 mm thick The final technique emploj ed icquired 0 1 c c 
of liquid foi each deteimination, although smaller \oliimes of liquid could be 
used if the area of the electrodes was eoiiespondingh icdnccd 'Whateier ab 
SOI bent mateiial is used, howeaei must be tested foi the pieseiice of con 
taminating (wheal pioducmg) substances Obsenations weie usually made at 
the end of ten oi fifteen minutes, although the wheals weic freqiienth obser\ed 
foi much longei peiiods The in\cstigatoi will find it desiiable to standardize 
Ins own technique Thus, with high dilutions it lna^ be necessarj to obseivc 
the maximum effect, lathei than the effect at a gnen time 

Position of Negative Llcciiodc — The effect of the position of the negatnc 
electrode on the mannei m which the wheal spicad was studied in the following 
v>(i} The negatno clectiodc was eithci held in the hand oi placed immediately 
above, below, oi opposite the positive electrode, with no obvious influence on the 
duection of the spiead of the wheal In the cxpeiiments leported here, the 
negative electrode was usually held in the hand of the same arm used 

It was also of infoiest to sec if tlic extent of pseudopod foimation depended 
primal ily upon the distribution of the lines of electric cuirent Duco house 
hold cement painted on the sKm acts as an efficient insulatoi and prevents wheal 
foimation following histamine iontophoresis over a piotected aiea The film 
of cement is sufficiently transparent to obseivc many phenomena occurring be 
neath it Histamine wheals were pxoduced on tlie anteiior siufaee of the fore 
aim, vvith frames of Duco cement about the absoibent cotton In this way the 
lines of ciirient entering the skin could not pass through the Duco frame 
Wheals produced undei these conditions developed pseudopods which could 
be seen to spiead beyond the innei boundaiy of the insulating fiame, and ex 
tended widely beyond it, with highci concentrations of histamine In othci 
woids, the spiead of the wlieai was independent of tlie lines of curient These 
as well as similar experiments, lend support to the point of view expiessed by 
Abiamson and Engel, ^ following the obseivatioii oi I^fc^Mastei and Iliidack, 
that wheal foimation of tins type is due essentiallv to a convection of histamine 
tluougli the Ivmphatie capilkiiies with escape of histamine back into the in 
teistitial tissues to affect the blood capillaiies locallv at the site of escape 
Limits of the Method — Since the detection of the presence and quantity of 
histamine by the method of lontophoiesis is a biological assav, the absolute quan 
tity of wheal producing substance cannot be measured However, the method 
does not suffer fiom the restiiction imposed by tlie destructive pioeesses of 
chemical piocedures neccssarv in the chemical methods Extracts of blood 
having activities like that of histamine have been extensiveh investigated A1 
though Hairis^ emploved simple alcoholic cxtiacts, Best and JlcHemv* boiled 
the blood with hydiochloric acid Code has maintained that boiling with acid 
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might lead to secondary reactions. He developed methods free from this ob- 
jection. As far as we have been able to discover, assays have previously hem 
performed by observing the effects of extracts on the contraction of smooth 
muscle. In the absence of electrolytes, about one part in five million of his- 
tamine can usually be easily detected by the appearance of scattered papules on 
the skin of the forearm. IMammalian blood is approximately equal in electrolyte 
content to j\I/ 7 sodium chloride solution. As pointed out by Abramson and 
Alley, ^ salts may, and in sufficient quantity do, diminish the histamine trans- 
ported not only because of a partition of current carried between positively 
charged histamine and other ions, but also because of the depressing effect of 
salts on the electrokinetic potential of the skin. For this reason, the lowest con- 
centration of histamine which can be detected lies between 1 :2,000,000 and 
1 :5, 000,000. 


Table I 

Wheal Production by Defibrinated Blood Containing Various Quantities of Histawe 

(Unwashed Absorbent Cotton) 


IIISTAMIKC CONCENTKATION 


■ 

0 

No wheal 


1:10,000,000 

No wheal 


1:1,000,000 

Flat, fairly confluent wheal 


1:1,000 

Spreading wheal with pseudopods 



EXPEEBIENTAL 

Recovery of Histmiine From Human Blood. — Preliminary experiments vitb 
human blood obtained from pricking the finger tip showed that capillaiy^^® 
did not contain substances which produced a wheal with our technique.^ T ® 
detection of histamine in defibrinated blood is given in Table I. The data in t e 
table were obtained by making dilutions of histamine in freshly defibrinac 
blood. With 1:1,000,000 histamine, in the presence of blood, a wcH-defi® > 
fairly confiuent w^heal was obtained under the conditions described in Tab e - 
This typical experiment also disclosed that insufficient whealing substance 
formed in the blood standing at room temperature after one hour. ^ Fur ’ 
histamine may readily be detected almost quantitatively if present in human 
blood in the concentrations described, for the type of wheal obtained corre 
sponds approximately to that usually observed vuth simple solutions of Ins a 
having similar quantities of electrolytes. 

In addition to the experiment described in the foregoing, the following 
or materials derived from blood (one series of experiments) did not contain 
substance to produce a wheal with our technique. Cotton electrodes and a curren 
of 0.5 Ma. for five minutes were used. 

(1) Oxalated human plasma. 

(2) BuHy coat from human plasma. 

(3) Bully coat frozen and then thawed. 

(4) Bed cells (washed) following freezing and thawing until hemolyzed. jenaiC' 

If these experiments are subsequently confirmed, the histamine liberated p:; 

ing in the solution during the freezing and thawing of human blood cells is pv® 
than one part in three million. 

Recovery of Histamine From Rabbit Blood. — The w'hole blood of 
bit apparently contains a substance capable of being transported e ec 
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to produce a ^vheal jii normal human sl^m ® In IS e\poraments with whole rab 
bit blood, using 8 dilteicnt labbifs in 5 ditloicnt indmduals appaiently not 
sensitive to rabbit serum, definite uheals weic obtained m 16 instances under 
conditions identical vatli those pioducing no effect Mith saline oi human blood 
If sensitiveness of these individuals to labbit blood itself can be excluded, the 
produetioii of a wheal under these cu cumstanees is confiimatoiy evidence of 
the data of Codes that noimal labbit blood contains appioximately one part in 
one million of histamine oi of a histamine like substance In all of the instances 
in which wheals weie pioduccd bj rabbit blood, a 1 10 dilution of the blood with 
saline resulted in a complete loss of the wheal pioducing properties of the 
solution when administcicd by the method in riuestion It was concluded from 
these expeiiments that the stud^ of tlic effects of blood on the wheal producing 
piopertics of histamine might be investigated undci the conditions desciibed 
m the foregoing if piecantions v\erc taken to dilute the blood to one pait in ten 
of saline 

Histamine was dissolved in distilled watci and 01 cc of the solution was 
added to cotton squaies These woic diied foi one and one half hours m an oven 
nt 60° C and then five liouis in a cahium thioiide desictatoi The effect of 
whole, nonoxalatcd, labbit blood on those cotton squaies containing vaijing con 
contrations of histamine is given below 


Tvble n 


mSTAiflAE COVCEVTrVT/OS 

rrisVLT 

Cl 1 part blood, 10 pvrts 

No he'll 

0 

r lull confluent ivlieil lasting about 
thirty winutcs 

1 5,000,000 

riiirh confluent whenl Hsting about 
thirlj minutes 

3 500,000 

Fairli confluent uijc'il lasting one hour, 
«hght spread 

Large, fairly confluent whoal lasting two 
and One half hours marked spread 
uifh mam p^euclopods 

1 150,000 


TvBLE nr 

Wheal Fopmation b\ Evbbit's Bloot> (Diluted 1 10 With Phtsiologic Svline) Contmn 

ING VAPIOIS QUVNTITIFS OF HiSTVMIVF 


IIISTAMIVE CO^CE^TRATIO^ 

PESULT 

0 

No wheal 

1 4,500,000 

Small di«!erete papules 

1 1,500,000 

Fatrl> confluent flat papules 

1 150 000 

W ell mar! ed ssprcading wheal 

Although whole rabbit blood contains a wheal producing substance, his 


tamine was leadily detected (a) when histamine was added to rabbit’s blood, 
(b) after rabbit’s blood containing histamine was diluted with saline, and (c) in 
rabbit’s blood following intiavenous administration of histamine 

(a) To illustrate the first point note the data m Table II which were ob 
tamed by adding whole rabbit’s blood (nonoxalatcd) to dij squares of cotton 
(I cm'’) containmg various quantities of histamine These were prepared by 
addmg 0 1 c c of histamine solutions of various concentrations to cotton squares 
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(1 cm.^) and drying the cotton at 60° 0. for one and one-half hours and in a 
desiccator for five hours. Blood ivas added previous to each experiment. 

(b ) If oxalated i-abbit blood is added to saline containing histamine and th 
mixture is diluted with saline to higher dilutions, the histamine can be readily 
assayed. An experiment of this tj^pe is depicted in Table III. The initial dila- 
tion of blood was 1 :10 and that of the histamine 1 ;10,000. The first dilution oi 
the blood resulted in removing the effective wheal-producing substance. Siib 
secpient dilution by saline permitted the whealing effects to be observed in dilu- 
tions up to about 1 ;4, 000, 000. 

(c) That histamine may be readily detected in rabbit’s blood is perhaps 
demonstrated more clearly bj’- the following experiment. A rabbit, ivcigliing 
2 kg., was given 2 mg. of histamine intravenously by a marginal vein of ih 
ear. While the animal was dying, blood was obtained by cardiac puncture. 
Before the injection of histamine, assay of a 1 :10 dilution of blood in saliue 
produced no wheal as usual. After histamine, the following results were ob- 
tained (current densit}^ 0.5 hla. for five minutes) ; 


DILUTION OP BLOOD 
1:10 
1 :100 
1:1000 


CHARAUTER OF WHEAL ____ 

Irregular confluent vheal lasting thirty-five niinuffs 
Slight, faint, discrete papules 
No wlieal 


According to this assay, the papules observed with a 1 ;100 dilution of Woo' 
represented a dilution of histamine close to 1 -.5,000,000. On this basis the dilu- 
tion in the blood was 1 -.50,000. Indeed, the undiluted blood of the animal m 
question after the administration of histamine did give a large, persistent, con- 
fluent, siireading wheal by iontophoresis. If the blood volume of the raWnt i' 
taken as 200 e.c., the immediate dilution (death occurred within two mimitfs) 
would be 1 .-50,000, which corresponds to that dilution observed in the assay. 

In another rabbit, which was killed by 0.7 mg. of histamine intravcnoiulb 
the blood obtained bj^ cardiac puncture produced minute, discrete papal® 

1 :10 dilution in saline after five minutes, with a current density of 0.5 - 
The 1 :100 dilution was negative. If the blood volume of the rabbit was 
the immediate dilution of the histamine in the blood was about 7 ;2, 000,(1 
1 .-3,000,000, approximately. The size and type of wheal observed was roag . 
in agreement with this calculation. 


Table W 


HisTAiiiXE Added to Guinea Pic Blood and Diluted With S.vline 


HISTAMINE con- 
centration 
0 


FIVE MIN. 


ten min. 


0 No wliealing’ 

1:4,500,000 Scattered discrete, slightly elevated 

papules 

1 : 900,000 Confluent central ivlieal surrounded by 
discrete papule.? 

1:100,000 Confluent wlieal larger than area of 

the electrode; discrete papules 

on periphery 


1:100,000 


somewhat flatter 
Confluent flat wheal 
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Eccovcuj Ptom Guinea Puj Blood — Oxalated blood from h\o adult guinea 
pigs bj beait punctuie did not piodiice « heals Mith oiii method Guinea pig 
blood (oxalated) did not pieicnt the histamine fiom exeicising its usual iiheal- 
ing effect riirtlier, histamine was also leidilj detected if guinea pig blood con 
taming histamine was diluted nitli isotonic saline (Table IV) 

To deteimine if histamine could be detected m guinea pig blood folloiiing 
mtrapeiitoneal administiation, 4S mg of histamine was giien to a guinea pig 
iveiglnng 580 gm Wlule the animal uas dung, blood iias iiithdiaiin bj caidiae 
punctilio The oxalated blood (iihicli on tiio pieaious occasions showed no 
iihealing), non pioduced fine discicte papules, eoiicsponding to about 
1 5,000,000 histamine The 1 10 dilution pioduced no iihcal In a similai e\ 
peiiment iihieli differed from the picecding, the guinea pig iias practically 
symptom free fifteen minutes after the inicetion and subsequently recoaeied 
Theie Mas no m healing Mitli the oxalated blood Accoiding to our assay, the 
dilution of Instamine in the blood Mas less than 1 5,000,000 in this instance 

DISCUSSION 

Since the blood of the lalibit killed by less tlmn 1 mg of histamine given in 
traienously contained coiisidoiablc quantities of histamine, it folIoMS that only 
a small pait of the histamine oiiginally administered Mas needed to pioduce 
death That is, an equilibrium of the foIloiiing tvpe may be set up 


Histamine 


Histamine 


Histamine 

(blood) 


(tissues) 


(destrojed) 


This equilibrium Mould exist in favoi of the fiist teim according to the 
experiment just cited Tjiipublished data obtained Mith Liibkin dining a 
study of the histamine Mheal indicated that folloMing Mhcal foimation by 
lontoplioicsis of histamine, it can be rccovcied by levcised loiitoplioiesis for as 
long as forty minutes iiiidei ccitain conditions” The typo of equilibiium in 
tlie dermis analogous to the picccding has been studied and Mill be described in 
a subsequent communication 

With the technique desciibed in the foiegomg the skin of most subjects 
responded by discrete papules to a concentration of histamine close to 
I 5,000,000 The marked differences in sensitiveness to histamuie supposed to 
exist for the slan surfaces of diffcient individuals mcic not noted Our im 
pression is that there was moie variation in response to the electric ciiirent 
alone (controls) than to the histamine admiiiisteied The eiytliema produced 
by the current alone was usually fairly well localized to the electrode area, 
Mhereas that produced by histamine was always extended ladially from it 

Horsfall' has obseived a phenomenon closely related to the observation 
that wheals can be pioduced by the iontophoresis of labbit blood Horsfall 
found that intradeimal injections of rabbit antipneiimococcus serum was fol 
lowed by vvlioaling in individuals not immunologically sensitive to labbit serum 
Even though the skin test may be positive to these sera, they may be admin 
istcied intravenously witlioiit aiiaphv lactic lesponses Since we have shown that 
the wheal producing agent is readily intioduced into the skin by electrophoiesis 
fiom the positive pole, it could be infeiicd that the w healing substance is posi 
lively charged Hovvevei, this is by no means a necessary conclusion As noted 
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hitherto, histamine has been transported electrically into the skin even when 
it was dissolved in aqueous solutions of aHiali the pH of which was sufficient to 
almost completely suppress the ionization of the histamine salt. Under these 
conditions the undissociated histamine is transported by electro-osmosis. It is 
of some importance to determine in more detail the nature of the whealing snh- 
stance in rabbit sera. 

There are many body fluids and tissues which are supposed to contain 
histamine in considerable quantities. The method described here can prob- 
ably be adapted for the determination of histamine in gastric contents, for ex- 
tracts of the skin and other tissues. The method would provide, for e.vample, 
a simple procedure for following the rate of disappearance and fate of histamine 
in animals like the rat, which are insensitive to massive doses. 

SUMMARY 

1. Previous investigations have shown that wheal formation by histamine 
following electrical transport into the human skin permits the detection of 
histamine in dilutions as high as 1 :5,000,000. 

2. A standard, more reproducible method of applying the positive electrode 
has been developed. 

3. A^Uieal formation was essentially independent of the position of the 
negative electrode and of the lines of current at the positive pole. 

4. After addition of histamine it was detected in human, rabbit, and guinea 
pig blood in dilutions between 1 ;2, 000, 000 and 1 .-5,000,000 by the electrophoretic 
method of producing wheals. 

5. Using this method, it was found that rabbit blood itself produced xvher 
in five individuals. This capacity to produce wheals disappeared when fne 
blood was diluted ten times. Human and guinea pig blood did not contain a 
wheal-producing substance. Histamine was easily detected in the cardiac bloc 
of rabbits killed by intravenous administration of histamine. 

6. The bearing of the data obtained thus far on the nature of the equi- 
libriiun between histamine and the tissues is briefly discussed. 

W'^e are Indebted to Mrs. JIargery Engel for assistance in these experiments. 
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LABORATORY METHODS 


A JIETII'i L1:NE r.LUE STAIN TOR SECTIONS OE 
EORMAEIN FIXED MARROW 


Harold GoRDO^, MS, MD, Louisville, Ky 


’ I ’HE following metlijlciie blue stnm is lecoiumeiulecl foi sections of foimalm 
* fixed bone mairovv The method is simple, rapid, and gives constant lesnlts 
It depends upon the simple piinciples of defoimolization, sensitization, over 
staining, and selective differentiation 

METHOD 

Suitable pieces of bone inaiiovv aic fixed in 10 pei cent foimalm solution 
(4 pel cent foimaldehjde), decalcified in dilute mineial acid, washed in 
vvatei, haidened and dehjdiated m alcohol, cleaied in xylol, and embedded 
m paiaffin In this laboiatoij 20 pei cent nitric acid is used as the decalci- 
fjing agent, and the calcium salts are lemoved undei vacuum This leduces 
the time needed for dccalcification, keeps the tissue in motion, and inhibits 
the foimation of laige bubbles of caiboii dioxide gas which damage the tis 
sues Alteinativel}’' the bone may be decalcified in the sodium eitiate, foimic 
acid mixture suggested bj Evans and Kiajian ^ Sections should be cut 4 to 
6 microns thick, affixed to covei slips oi slides, and dried in the oven If the 
glassware is thoioughly clean and fiee ot giease, the sections will adheie to 
the glass without egg albumen The paraffin is lemoved with xjlol, and the 
sections are bi ought into water in the usual mannei 

DeformolizaUon — The foimalm fixative is lemoved bj immeismg the sec 
tions for one minute in 10 pei cent aniinoiiia solution (one pait of 28 per cent 
ammonia and nine paits of water) kept m a coveied dish Longer immersion 
IS undesiiable because the sections ma> become detached The ammonia grad 
iially loses its strength and should be renewed as requiied (Zonhei fixed mate 
iial may be used It does not lequire the ammonia bath, instead, it should be 
tieated with Lugol’s iodine, followed bj sodium thiosulfate solution and a 
thoiough wash in watei to remove the precipitates of meicuiy salts ) 

Sensitization — The sections are washed in water to lemove the ammonia 
and mordanted for tliiee minutes in a mixtuie consisting of equal parts ot 
Zenlvci’s fluid (without acetic acid) and saturated aqueous solution of copper 
sulfate 

Staining — After a thorough wash in two clianges of water, the sections 
are stained foi one and a half to three minutes in the following mixture 

1 per cent aqueous solution of eosin Y one part 

1 per cent aqueous solution of pliloxm three parts 

•From the Department of Pathology School of Medicine Unlxersitj of Louis\iIIe 
Received for publication April G 1938 
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They are then washed in water and stained for four minutes in Loefiier's 
alkaline methylene bluCj heated to 37° C. 

Diffcrcvfiation . — The sections are washed in water and differentiated in 
absolute alcohol. Differentiation should be controlled by microscopic exami- 
nation. As soon as differentiation is complete, the sections are cleared in xvlol 
and mounted in balsam. 



Fig. 1. — Section of sternal niariow fioin a c.ase of myelogenous leucemia. Tissue 
in formalin, decalcified with dilute nitric acid, and stained with methj'lene r 

Magnification 740 diameters. 1, premj elocyte : 2, neutrophilic myelocytes: leuccicjtf;’ 

cytes : 20, eosinophilic myelocytes; S, metamyelocytes; 1, young polymorphonuclear 
5, endothelial cells; C, macronormoolasts ; 7, intermediate normoblasts; and S, inicro 
A majority of the cells ate myelocytes, but there are also a number of normoblast.. 


Eesults: The marrow cells, .stroma, and capillaries are all stainc 
precisely (Fig. 1). The granules of the myeloid cells stand out sharp!}- 
normoblasts have a faint red cytoplasmic border; the immature 
blue cytoplasm. The nuclei of all cells are sharplj' outlined in varying • 
of blue, so that identification of the various cells is greatly 
is an important consideration now that diagnosis of biopsy specnuei.s 
row is requested so frequently. 
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Comment The stain does not lade if kept auaj fiom stiong da> light 
Exposiue to duect suuhgUt causes the methjlene blue btain to fade com- 
pletelj at the end of t^^o weeks, but the light ot a 15 Watt substage imcro- 
seope lamp has no Msible eftect at the end ot six weeks continuous exposuie 
While pnmaidj dcMsetl foi sections of bone mauow, the method is eqiiall^K 
suitable for soft tissues 

The time peiiods adiiscd gi\c optiiiunn lesults but ma;^ be laiied Dif- 
feientiation in alcohol is the onl^ step leqiiJiing (aietul attention With a 



i'iS’ 2 — Another fleld from the same section showioff tw:o dividing cells and the coarse granules 
of eosinophilic 

httJe cxpeuence, howe\ei, the collect stage at which difteientiation should 
he ariestecl maj be recognized the unaided ece The methjlene blue is 
renioied slowly bj absolute aicohoZ (mueZi moie lapidlj hi 95 per cent 
alcohol), \chde the e\toplasuuc staui i*? aZcolioI fast JCeithei eosin noi 
phloxm — alone oi in succession — 'gl^es as biight oi piecise a stain as the 
eosin phloxux mixture This iiuxtiue keeps indefinitelj and raa} be used 
repeatedhi Smidailj, coppei sulfate bj' itself is oidj a fair mordant and 
its effecticeness is gieatlj increased when it is combined with Zenker ^s fluid 
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This mixtui’e also may be used repeatedly. Occasionally the sections become 
loose in the ammonia hath. This may be prevented by floating’ the sections on 
to a warm 0.25 per cent aqueous solution of gelatin, as they are cut, flier 
are then transfeiTed to slides or cover slips and dried in the oven in irhifl 
is kept a small unstoppered bottle of full strength formaldehyde. 


SUMMARY 

A methylene blue stain, suitable for sections of formalin-fixed hone inarrov 
(or soft tissue), is described. 

The method may be summarized as follows : 

1. Fix tissues in 10 per cent formalin, decalcify in dilute mineral aciil 
wash in water, harden and dehydrate in alcohol, clear in xylol, and embed in 
paraffin. 

2. Cut sections 4 microns thick, transfer to cover slips or slides, drr is 
the oven, deparaffinize in xylol, dehydrate in graded alcohols, and place in 
water, 

3. Ten per cent ammonia (2.8 per cent ammonia), one minute. (Zenfer- 
fixed material does not require the ammouia bath, but should he treated vift 
Lugol 's iodine for five minutes, washed in water, decolorized in 5, per cent 
sodium thiosulfate, thoroughlj- washed in water, and then mordanted and 
stained as described below.) 

4. "Wash in tap water. 

5. Bfordant in a solution composed of equal parts of Zenker’s fluid 

out acetic acid) and .saturated aqueous solution of copper sulfate, three minute-'- 

6. Wash in two changes of tap water. 

7. Stain for two minutes in an eosiu-phloxin mixture: 


1 per ceat aqueous solution eosia Y 
1 per cent aqueous solution pHoxin 


one part 
three parts 


8. Wash in tap water. 

9. Stain in LoeiSer's alkaline methylene blue, heated to 37° 0. feur iniuuk- 

10. Wash in tap water, 

11. Differentiate carefullj’^ in absolute alcohol, clear immediately iu 
changes of xylol, and mount in balsam. 


REFERENCE 


1 . Evans, N., and Krajian, A.: New Method of Decalcification, Arch. Patli. 10 
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PHOTOELBCTBIC RBCOKDING OF THE PULSE AND OF OTHER 
OSCILLATORY jMOYEMENTS WITH THE ELECTROCARDIOaRAPH*' 


A. B. IIertz^ian, Pm.D , St Louis, Mo. 


M ARRAZZH called attention in 1935 to the fact tliat tlie photoelectric cell 
could be conveniently used for the detection and recording of movement. 
He suggested the possibility of wide application It seemed worth while to 
extend his suggestion to the recording of the pulse The technique described 
below differs in certain essential details from that of lilarrazzi 





Fig. l.—Schema of arrangements for photoelectric ^cording of the PUlse with the 
galvanometer without amplification. The upper figure shows the recorder artei? 

segment capsule, the lower figure, using a mirror cemented to the skin over the artery 


Two photoelectric cells of the voltaic type (the General Electric Light 
Sensitive Cells are satisfactory for this purpose) are mounted side by side (Fig. 
1). Their cathodes are connected to the lead of the electrocardiograph, while 
their anodes are connected together. If equal amounts of light fall simul- 
taneously on the two cells, the currents generated in each oppose and nullify 

•From the Department of Physiology, St. Louis University School of Medicine. 
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each other. This eliminates the need for devices supplying opposing potentials 
to prevent excessive current outputs by the photocell from reaching the string. 
If a beam of light is now caused to fall on both cells, its oscillations from one cell 
toward the other (as indicated by the double arrow in Fig. 1) will be reflected 
in corresponding current oscillations which are in turn recorded by the electro- 
cardiograph. This fact is made use of in recording the pulse in the manner 
indicated in Fig. 1, employing either a Frank segment capsule or a mirror 
cemented to the skin. The light from a pencil type of flashlight or an ophthalmo- 
scope is focused on the mirror and reflected back to the two photocells, so that 
it falls partly on each. The oscillations of the mirror, with the pulse eansing 
corresponding oscillations of the reflected light beam, are thus recorded by tlie 
electrocardiograph. It is unnecessary to control carefully the intensity of the 
illumination or the distance of the photocells from the mirror, since these things 



Fipr. 2. — The arterial volume pulse recouletl photoelectrlcally with ^ '„fi 7 ; stars: 
cemented to the skin over the arteo’ B, C), A, young^ male adult; B, male, agea j 
D, the femoral volume pulse recorded with a photoelectric skin plethysmograph. 


affect the two photocells almost equally. The relative amounts of light i’ai I'l- 
on each photocell arc also unimportant. This renders unnecessary p*" ' 

care in alignment, since the mirror’s oscillations are the only important infltit^ 
causing variations in the photoelectric current delivered to the eloctroca 


Illustrative records of the arterial volume pulse so recorded arc supP 
Fig. 2. The lower right record taken with a photoelectric skin 
(the details of wliich will be reported elsewhere) is inserted for purposes 
parison wdth the lower left record taken wdth a mirror cemented to the slun- 


essential identity' of the two records is apparent. . ^ 

Variations in the sensitivity’ of the recording arc conveniently pro' 
tlie shunts in the string galvanometer or by’ variations in the intensity 
illumination, thus eliminating the necessity’ for long opical lever 
application to recording of other oscillatory’ movements, such as those c.\ 
by’ optical manometers of the Hamilton or Wiggers ty’pe, is obvious. 
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SUMMAKX 

Pliotoeleetnc tcclmiqucs aie described which piovido in a simple inexpensive 
manner for direct iccoidmg without amplifioation of the aiteiial or venous 
pulses, 01 of other oseillatoiv movcnients bj the unmodified elect! ocaidiograph 

RF^EB^^CL 

1 M'irr'X7Zi, A S The Upc of tlic Plmtoelcptric Cell m Physiological Expenmenta, Science 
82 254, 10*15 


THE KESPONSE TO LIVER EXTliAt'l OF EXPERIMENTALLY 
INDUCED (TYPHOID) ANEMIA IN RABBITS NEGATIVE RESULT' 


Avou'ii J Creskopf, JI D , and Thomas Pitz Iluoir Jr , A M , M D 
Pnii ADCLPui \ Pa 


1 p XPERI5IENTS letentlj lepoited bv IVolf Mehei and Kiogei* suggest 
I •*— ' that anemia induced in labbits bv iiijettions ot depiotemized tjphoid 
I bouillon concent! ate maj lespoiid in a specific inannei to livei extract, 
and thus iiiaj constitute a method of assajing and standaidizing the hema 
topoietie liver ptmeiplo Then “ DTihoid toxin ” is obtained bv allowing a 
Uphold bouillon cultiiio to iiuubate until “steiile b.v aiitolvsis ” followed bj 
< piecipitatioii of the piotems with colloidal non and eoncentiatioii of the 
1 filtiate 111 vacuo This niateual is then injected siibciitniieoiislv into labbits, 
' the effeotiv e dailj dose being fi om 15 to 2 0 c e per kg of bodj w eight 
Because the toxin is an appareutlj painful iiiitant, pieliminaij local aiies 
thesia (iiovooani) is leconnnended Pioinpt anemia with depiession of leiioo 
) cj tes, platelets, and i etieulocj tes is said to follow dailj injections of the toxin 
Recoveij on discontninnig injections is slow and impeifect, the concomitant 
leticulocjte lesponse is nregiilai low in inagnitude, and vaiiable in tjpe 
Death fiequentlv ensues befoie seveie anemia develops 

Aecoidiiig to these anthois if the labbits aie tieated befoiehand or con 
comitantlj with dailv paienteial livei extinct, a difteient icsult is obtained 
Anemia still appears, but the animals mvaiiablv siiivive and, despite con 
tinned toxin (and livci) administration, a i eticiiloej te crisis (34 per cent in 
one experiment) is said to occiii with subsequent lecoveij of erjthiocjte, 
hemoglohm, leiicoejte, and platelet values The leticiilocv te cnsis is said to 
leaeli a peak between the eighth and twelfth davs Its sinularitj in time and 
chaiactei to the classical response to specific treatment of hiinian pernicious 
anemia is stressed The aiithois exhibit thiee graphs as tvpifjing manj 
siimlai experiments using vaiioiis brands of coiiimeiciai Iivei estiact 

A dependable lahoiatoij method of assaving hematopoietic liver substance 
has long been a clinical and coinmeieial desideratum Manj attempts have 
been made, but all have pioved eithei impiactieal or iimehable A tiiilj 


*Prom the Hematological Section of the VIcdIcal Clinic Hospital of the Universitt of 
Pennsylvania This -nork was allied hs grants to the Hematolosj Fund from Airs Bruce Portl 
and Mr Richard P Brown 
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specific method of bioassay would on a priori grounds seem to predicate tie 
production in the experimental animal of a pathologic state presenting tlic 
major hematologic characteristics of pernicious anemia in man. The evidence, 
presented by the experiments of Wolf, Weber, and Kroger, seems to be far 
distant from this ideal. Nevertheless, their report of the specific production 
of a classical reticulocyte crisis by administering liver extract to rabbits 
rendered anemic by typhoid toxin seemed worthy of repetition.- 


METHOD 

It is unfortunate that the article bj'^ Wolf, Weber, and Ki’dger fails to 
detail exact procedures in the preparation of the toxin. Their directions vere 
followed, however, as closely as possible. A virulant typhoid strain ivas in- 
cubated at 37° C. for three weeks. The medium was composed of meat infusion 



broth, Witte's peptone, and 0.2 per cent glucose, pH 8.2. Iron 
per cent (Merck) was added in the ratio of 1:2, the resulting 
allowed to settle, and the supernatant liquid passed first through 
finally through Berkefeld N filters. This filtrate was virtually 
(sulfosalicylic acid and potassium ferrocyanide — acetic acid tests), 
of the filtrate were then concentrated at low temperature (25°-28° 
distillation. The final product was clear, amber colored, and stei’ile. 

Three white rabbits, weighing about 2 kg. each, were used. These • 
were kept on a basic ration of oats with fresh vegetables added jt 

injections were given subcutaneously, local anesthetic followed hj 


one site, liver preparation at another site. 

•We are inCebted to Dr. John S. Lockwood and Dr. Harry M. Vars, of the 
of Research Surgerj-, for aid in tlie preparation of this material. 
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Coiieentiated Inei extract’' and leticuiogen* nere used as sources of 
hematopoietic Inei punciple foi tliesc cxpeiiments The local anesthetic was 
mctycame* (1 per cent) 

Ei-ythrotj te, lieinofflobin (Sahii), and hematoeut (Van Allen) values nere 
detci milled e^cij second daj, leueoejte and platelet counts and blood film 
examination eveij fouitli da}' All counts «eie peifoimed in duplicate, using- 
certified pipettes and counting cliambei Rcticiilooj te counts (wet teclinique) 
neie mide dailj Seieial basal blood examinations weie obtained for each 
labbit befoie injections -neie staitcd 

Rabbit 1 scrsed as a coiitiol Tneiitytliiee consecutive injections of 
20 cc met} came and 0 5 0 e liver extract were given The observ ed changes 
in cr}tbioc}te and lienioglobin values viere not significant (Fig 1) Ecticulo 
eyte percentage inci eased iriegiilail} to a maximum of 6 4 pei cent on the 



seventeentli da} A slight lencoc}tosis and thrombocytosis occurxed The 
animal remained entnel} well, gained weight, and showed no dermal injury 
Using the same animal and beginning tvio da}s after completion of the 
liver injections (which totaled 115 ec of concentiated livei extiact ovei a 
period of twent} tliiee da}s), a coiiise of toxin injections was instituted The 
animal was giv eti 2 0 c e met} came and 7 0 c c toxin (3 1 e c pel kg of bod} 
weight) dail} foi nine doses (Pig 1) There was a prompt, sharp fall m the 
led cell count and hemoglobin Retienloc} tes did not exceed 6 per cent 

Iieueoc}tes and platelets inoi eased The injections provoked local skm necrosis, 
induration, and occasional abscesses The animal appealed listless and lost 
weight Immediatelj attcr the toxm course, liver extract (1 0 c e dail}) was 
again injected Prompt improvement in red cell count and to a lesser degree 
m hemoglobin content was seen There vras no significant change m reticule 
e}te percentage 

•suppliea by Ell Lilly i Co 
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Eabbit 2 Lvas injected daily with. 3.0 c.c. toxin (1.5 c.c. per kg. of bok 
weight), 2.0 c.c. inetyeaine, and 0.5 c.c. concentrated Iwer extract (Fig. 2). 
A moderate, irregular anemia developed. Keticulocytes rose to a maximaraof 
6.1 per cent on the seventeenth day. Both erythrocyte and hemoglobin tallies 
improved soon after injections were discontinued on the twenty-second day, 
Rabbit 3 received twenty-two injections of 5.0 c.c. toxin (2.2 c.c. per be. 
bod 3 ’ weight), 2.0 c.c. metj'caine, and 0.25 c.c. reticulogen (Pig. 3). Tliereiras 
a progressive decline in red blood cell and hemoglobin values. The reliciilti- 
cjde percentage began to fluctuate sharplj’- on the sixth day; a peak valu; 
of 11.1 per cent was reached on the thirteenth da 5 L Only after cessation ol 
injections did the erj’throc^de and hemoglobin values improve. The vbite 
cell and jilatelet counts increased soon after injections were begun. Botli 



iBade. . ^ 

In none of the toxin-treated rabbits did any significant change 
leucocyte formula appear. There was a moderate increase in the relatD<= 
absolute numbers of immature neutrophiles. Anisoc.vtosis, 
polyehromatophilia were slightly more in evidence during anemic 
during the control periods. Occasional normoblasts were noted. Rci”''’ 
readings paralleled the ervthrocyte-hemoglobin fluctuations. 

CONCLUSIONS 

It cannot be stated with certaintj’ that the anemia produced in 
treated rabbits was due entirel.v to the mamow-depressing action o . 
toxin, as suggested bj* Wolf, Weber, and Ki’oger. The degree of loci’ 
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damage piocluced b\ the to\m seemed severe enough to be at least in pait 
responsible foi the illness and anemia We ^\ele not able to repioduce the 
pioMouslj lepoited leiicopenin and thiombopeiiia On the contiai\, oui to\m 
tieatcd animals, as ■\ieU as the Inei extiact and inet%eaine contiol animal, 
del eloped leucocjtosis and thromboci tosis 

With the appeaiance of anemia in the toxin tieated animals theie oc 
cuireci a Ion grade leticuloei tosis, niegulai m onset and duration The labbit 
given 50 cc of toxin and 0 25 cc of icticiilogen daih exhibited a modeiate 
leticulocvte lesponsc but it was entnoh iinspeeific in tvpe A well defined 
“peak’’ was not manifested The contiol animal, which leceived at fiist onl;> 
liver (and metveaiiie), showed piacticallv comparable letieulocvte fluctuations 
Our obsenations do not confiim those icpoited bv Wolf Webei and 
Kiogei Tvplioid toxin docs not produce an anemn in labbits winch responds 
umfoimlv with a reticulocvte ciisis to potent hematopoietic hvei prepaiations 
Tlie method is niisuitable foi assn ot such piepaiations 

REFEKEXCES 

1 "Wolf, H J , Wehcr, L , and Kroger, E Die evpcnmcntellc T\ plmsnniemie des Kanincliens 

als Test fur dio 'intipcnncio'-o Lobciuirkung Aid Welt H 1170, 19H7 

2 Fditornl, Lincet 2 074, 1937 


AN INEXPENSIVE SjMALL CONSTANT TEMPERATURE BATH 


^Maurice Vvisbfro, H D Pvtchoglf, N \ 


JN SMALL laboratories vvhete extiemc piceision in tempeiatuie is not leiiuiiod, 
* a constant tempeiatuie bath mav be coiistiuetcd at a vei} small cost 

1 The containoi is made bv seeming a two gallon oil tin, measuring S b} 
6 bj 10 inches, fiee at anj garage Eoi about $1 00 the plumbei can convert 
this to an open top double walled vessel, with all walls and bottom double 
The an space between the walls vanes from % to 1 inch The conversion is made 
by soldeiing bright block tin around the oiiginal contimer 

2 The thermostatic contiol and heating element can be puichased at anj 
fish and pet supply stoie Theic is quite a elioice oi fish aquarium temperatuie 
regulators An excellent one, costing about $1 25, consists of theimostat, heating 
element, and temperature contiol all m one instiumcnt This is hung into the 
water fiom the edge of the containci and is held seeuielv in place by two adjust 
able metal bands This is an exceptionally aceuiate instiument foi one costing 
so little In a continuous five day test it kept two gallons of water at a constant 
tempciaUuG of 38° C , with but one half dcgiee total vaiiation eithei vvay 

3 To stir the watei in the bath, one may use either one of the two follow 
mg 

A At the laigc chain stoics one can obtain for about $1 19 a small electric 
egg beatei made by’’ the Chicago Elcctiic Mfg Co, and called “handywhip ” 
It consists of a mixing bowl, a stuidy induction motoi, and a detachable beater 
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or agitator. It should be used in series with a 30 or 40 watt lamp. This pre- 
vents overheating and also slows the agitator down to the proper speed. It is 
a very simple matter to rig up a small series-parallel board of three outlets on a 
little piece of wood. 

B. A fish bowl aerator pump may be used. These sturdy little induction 
motor pumps cost about $15.00 but can be used for a large variety of aerating 
and stivriag procedures. They have been known to run continuously for te 
years. 

The apparatus is set up in the following manner. A sizable riugstand ani 
base are used. The container is set on the base with its long axis at riglit angle’ 
to the long axis of the base. Water of about the desired temperature is added 
to near the top, and the thermostat-heater is inserted over the side and adjustfii 
by a little experimentation. A clamp attached to the ringstand supports a 
thermometer in the Avater. Another clamp supports the stirring motor and 
agitator ; or, if the pump is used, a glass tube extends dovn to the bottom. Oik 
clamps support the flasks containing the solutions being tested and incubated 

The induction motor of the egg beater will no doubt please a large number 
of laboratory workers who will find an infinite variety of uses for it. One ot 
detach the agitator and put on a small px’opeller and use it in the top of m 
incubator to secure forced draft ventilation. Here it should be used in series 
Arith a 40 AAmtt lamp. It is also a most excellent motor to stir small quantities or 
inflammable material and solutions as ether and acetone. Since it is an induc- 
tion motor, there is no danger of sparks ; there are no brush replacements, and 
there is no radio interference. In this laboratory it was used as an inexpensive 
motor to run a homemade kjnnograph. On a test run, the motor ran continu- 
ously (in series) for three days, udthout the slightest evidence of ov'crheatin?- 

The total cost of the set-up is as follows : 


Container 

$1.00 

Motor 

$1.19 

Thermostat heater 

$1.25 

Incidentals 

$0.56 

Total 

$4.00 


(Prices are subject to some variation in different localities.) 



THE REFINING OP ANTISERA*" 


II. Improvements in the Preparation or Repined and Concentrated Pneumo- 
coccus AND Meningococcus Antib icterial Sera 


Eugene Cardone and K. George Falk, New York, N. Y. 


introduction 

A METHOD of refining and concentrating antisera was described four 
** years ago.' Since tlien a number of changes have been introduced as con- 
tinued experience witli the procedures warranted their incorporation. These 
changes udll be described here. The alphabetical sequence given in the former 
paper in the description of the successive procedures will be used, the para- 
graphs designated with a definite letter referring to the paragraph with the same 
letter in the former paper. The changes apply equally to the refining of pneu- 
mococcus and of meningococcus antisera. 

experimental procedure 

a. Preparation of Scrum. Immediately after separation from the clot, 0.3 
per cent phenol, in the form of a solution containing three parts of phenol and 
five parts of ether, and 0.005 per cent merthiolatc are added. 

b. Dialysis of Scrum. Dialysis is carried out in a cold room at 7® to 10® 0., 
the running tap water in the tank being at the same temperature. Dialysis is 
allowed to proceed for six days against a comparatively rapid flow of water. 
No additional phenol is added during dialysis. 

c. **Acid Protein” Precipitation. Immediately after dialysis solid sodium 
chloride is added to the cold scrum to N/20, and the pH adjusted to 5.1 with 
normal acetic acid (y-dinitrophenol as indicator). This is done in the late 
afternoon. The material is allowed to stand at 7° to 10° C. overnight. The 
removal of “acid protein” by filtration through paper pulp and “super cel” 
is carried out as before. 

d. Preliminary Tests for Antibacterial Substance Preparation. Four 50 ml. 
portions are adjusted with N/sodinm hydroxide to the pH values 5.9, 6.1, 6 8, 
and 6.8, The first three are diluted with four volumes of distilled water while 
the last (pH 6.8) is diluted with six volumes. The precipitates are allowed to 
settle in the cold, and are then centrifuged and dissolved in 10 ml. portions 
of 1 per cent sodium chloride solution. Supernatants and dissolved precipitates 
are tested by the precipitin reaction. The precipitate portions show potency 
and recovery of material; the supernatants, the optimum hydrogen ion con- 
centration for bulk precipitation not incurring loss. 

„ 'From the William Hallock Park Laboratorj'. Bureau of Laboratories, Department of 
Health, New York. 
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e. Precipitafion of Antibacterial Substance. No preservative is added (o (b 
distilled water vised in the precipitation. The precipitated antibacterial sah 
stanee is allowed to settle overnight in the cold, and finallj" centrifuged. 

f. Sohition. of Antibacterial Substance. The precipitate is dissolved in th 
smallest practicable vohnne of a solution of 2 per cent sodium chloride and O-i 
per cent ])henol (about one-twentictli of the original volume as a rule). Ik 
final antibacterial solution is to contain 1 per cent sodium chloride ani! f),3i 
})er cent phenol. The above solution is, therefore, diluted with distilled ivsfcr 
containing the ealenlated additional amounts of sodium chloride and piseno! to 
give the required final volume as determined from the preliminarv tests and 
the solid content desired (usually one-seventh to one-fifteenth of the original 
volume). The solution is adjusted to pH 6.8 with N/sodinm hydroxide ifih 
precipitating pH value was less than this, and 0.005 per cent nierthiolalc h 
added. The material is kept in the cold. After twenty-four lionrs, the prepaa- 
tion i.s centrifuged to eliminate the coarser particles of separated fibris k?.- 
terial. Tins procedure facilitates the .subsequent filtration through paper p# 
and “super cel” (Buchner funnel) and the final passing through a small 
(6 indies) Berkefeld V filter. 

el. Alternative Method of Precipitation of Antibacterial Substance. If a® 
c.xcessive amount of antibaeteidal substance is found in the supernatants of all 
the test portions, the material is not precipitated with ammonium sulfate to 50 
per cent saturation as described in the previous paper. Instead, precipitation 
tests are run on portions of serum at the same liydrogen ion concentrahotis as 
before, but nitli the addition of six and eight volumes of water in place 
This procedure ahnost invariably causes complete precipitation of antihactona 
material with antihacterial-fvee supernatants. The bulk of the 
justed to the determined hydv'ogen ion concentration, and tlie volume of *' 
filled water needed for complete precipitation is added. 


NOTES ON THE EXPERIJIENTAL PROCEDURE 

A. The method of purification and concentration clesei'ibed is apphbi^ 

mainly to antisera. If the procedure is used with antiplasmas, .several 

cnltie.s ari.se. Upon dialysis the intake of water is very large, frequedb 

to the original volume of the plasma. Tliis dilution makes the pveP''”''* 

- - tlie ‘h^'- 


more difficult to handle. Purtiiemnore, the fibrin present adds to 


ti’ if tiif" 

cnlties in the filtration tlirongh fine-poi-ed pulp and super cel. Uven 
complications are .surmounted satisfactorily, so much fibrin is f 
concentrated material that final filtration and Berkefelding is accomi»’''*‘ 
appreciable loss, 

B. As .stated in the former paper, it is believed that dialysis of 
only eliminates most of the salts but also causes changes in the 
proteins. Furtliei-more, when phenol is added during dial.vsis, other 
may occur, such as the binding of liematin material to the protein '‘ 0 . 
particle. This combination is not readily broken down in the suhseqnc^ ^ , 

cation, and the final product may have more color than if oddilionRl P jj- 

not been added during dialy.sis. It has been determined definitely t 'a . 
the phenol which is removed in the dialysis is not replaced, . 


product is maintained. The original serum must, of cour.se, 


be sferik- 



CARDONE-FALK : REFINING OF ANTISERA 


419 


C. Foimcrly, all other than I and II -were allowed to remain at pH 
0.1 for only five hours. Now, all sera remain at this pH overnight to allow 
complete precipitation of “acid protein.” This technique results in no loss by 
inactivation. 

D. Tlie preliminary tests to determine the best hydrogen ion concentration 
for antibacterial substance precipitation are still very essential. However, the 
pH 6.3 sample is not prepared any more. A pH 6.8 sample diluted with six 
volumes of water^ has been substituted for it. If the supernatants of all these 
tests show no antibacterial protein, the pll 6.8 value is preferred. Appreciably 
less fibrin is carried down with the precipitating protein at this pH. The final 
preparation also filters more readily and has a better appearance. A serum, 
whieli shows loss when precipitated at any volume (within workable limits) 
at pH 6.8, is encountered at times. For this reason, the pH 5.9 and 6.1 samples 
are still prepared. 

E. The addition of 0.2 per cent phenol to tlie precipitating water has been 
given up as unnecessary. Also, recent work has shown that part of the phenol 
is adsorbed by the precipitated protein.’ The material is kept at refrigerator 
temperature throughout. 

P. Preparations which arc precipitated at pH 5.7, 5.9, or 6.1, gave clear 
solutions when dissolved. However, when the pH's of these solutions are 
changed to 6.8-7.0, a suspension or cloud appears, probably caused by fibrin 
which had been adsorbed and which is .set free by tlie change in pH. This 
suspension or cloud becomes more pronounced in tlie cold. 

Gr. Tlie addition of 0.35 per cent phenol and 0.005 per cent merthiolate, in 
place of 0.5 per cent phenol, is used to ensure sterility.^ 

DISCUSSION 

The changes in the method of concentrating and refining the antibacterial 
material of sera which are described have given more satisfactory products and 
better recoveries or yields witli a considerable number of preparations. The 
potencies and clinical efficacies of these preparations do not come within the 
scope of this paper, except for the fact tliat the method would necessarily he 
abandoned if certain standards w'ere not attained. 

The use of phenol during the various procedures has been reduced as far 
as possible. Apparently, changes in the proteins are either induced or increased 
by phenol, clianges which may interfere with the purification or produce other 
tuitoward effects. Furthermore, as shown elsewhere,* phenol is adsorbed by 
precipitated proteins in considerable quaiititias. Tliis adsorbed phenol must be 
reckoned with in the final products wiien phenol is added to a definite concentra- 
tion to ensure sterility. It cannot be too strongly emphasized that phenol es- 
timations should be carried out sufficiently frequently, not only on the final 
products but also at various stages of the manipulations involved in the refining 
mid concentrating procedures, to control the actual quantities present at all 
times. 

Very little of a definite nature can be added at the present time to the 
theory of the molecular changes involved in the treatments described in these 
procedures. Tliat aggregation of molecular units is involved at certain stages 
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and break down at other stages appear unquestioned, although it is obviously 
difficult to obtain quantitative evidence of their extent.^'® 

Eeference to the former paper may suffice instead of repeating the discu;- 
sion already presented of v^arious factors of interest. 

SUMMARY 

Improvements in the procedure used in this laboratory for the purificatioi 
and concentration of antibacterial sera, particularly those of pneumonia ani 
meningitis, are presented. 

Thanks are due the members of the Pneumonia Division of this laboiatory for tt'i' 
constant cooperation, and especially Miss Katherine Blount for carrying out the large cor- 
ber of precipitin tests. 
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THE USE OF NONCOOKED, NONSTERILIZED COCONUT MILK AS iN 
ADDITIONAL NUTRIENT SUBSTANCE IN CULTURE JIEDIA" 


Lee Blauyelt, ALT., Ashevulle, N. C. 


I T LIAS long been loiown and appreciated that overheatmg of culture me “ 
impairs their growth qualities. It is even true that in some cases valna i 
characteristics of the organism are not exhibited in these overheated 

It is logical to believe, therefore, that the growth quality would be e _ 
hanced and the characteristics of organism more accurately deuionsfia e 
an uncooked nutrient were added to cooked and sterilized media. 

This fact has also been realized and met b5'- the use of a number of 
among which the best loiovra are probably blood, ascitic fluid, hydrocele o . 
pleural fluid, and potato. All of these have deflnite uses for which the} 
be easily replaced. But their use outside these specific instances^ has 
limited. The four former substances cannot always be obtained, and m 
of the potato, special care must he employed to maintain sterility during P 

In 1891, Van Slyke referi’ed to the use of coconut milli as a ^ 

culture medium. In 1897, Erwin P. Smith used coconut meat as a me 
yeast and molds. And in 1920, B. A. Linden utilized coconut juice or m 
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cuifure and by fractional sterilization made an agar medium But I have been 
unable to find leference to the use of coconut milk in the unsteiilized state as an 
uncooked niitiient substance winch maj be added to general ciiltiiie media to 
enhance their nutrient piopeities 

In the following experiiiienfs, the juice of fresh, ripe coconuts was used, 
the ripe fruit iias used rather than the gieeii, because it is moie readily obtain 
able The coconuts v, ere obtained as fresh as possible The ej es u ere soaked in 
alcohol and then burned A laige aspirating needle uas then nisei ted, stylet in 
place, in the softoi eje (stjlet uithdiaiui and sterile sjringe attached), and the 
milk witlidraiiTi (The aieiage coconut uas found to contain 100 to 125 ce 
of sliglitlj tiiibid fluid ) Smcais uerc made fiom the centrifuged sediment of 
a portion of the fluid to dctcimine the piescnce of possible organisms The 
fluid was then added in the propoition of 10 to 25 per cent to broth or agar 
medium The medium uas then adpisfed to the pH lecommended foi the organ 
ism under consideration, and the tubes inoculated in the manner required by the 
specific organism Towaid tbo end of the coconut season and befoie the fiesh 
fruit comes to maiket, it iias found uell to incubate the milk overnight in a 
sterile corked container, to insuie it against the presence of organisms 

The organisms used in this e\peiiment vveic Staphylococcus aureus, Strepto 
coccus vmdans, B fecahs alcahgenes, pnciimooocciis, gonococcus, meningococcus, 
B welcliu, and tiibeicle bacilli In each instance, unless otlieiwise stated, the 
medium to which the coconut milk was added was eithci plain nutrient broth, 
plain agar, or both 

I In the case of the Staphylococcus auteus, 2 pei cent glucose agar and 
plain nutrient agar woio used in compaiing media with the coconut milk en 
riehed media Aftei twelve hours of incubation, the colonies on the coconut milk 
media were half as large again as those on the glucose medium and slightly more 
niinieroiis The grow th on the enriched agar w as tvrico that on the plain agar 

II In the case of the Sii cpiococcus vvidans, blood agar was used as a com- 
parmg medium After twelve hours incubation, giowth was neailj twice as 
abundant on the blood agar, but tlieie was good giowtli on the coconut milk 
medium Tins being tine, the oiganism was replanted on 2 per cent glucose and 
again on the coconut milk medium In this instance, the growth was one and one 
half times gieafei on the latter Snieais weie made from both Uiese last cultures, 
and the organisms grown on glucose agar at twelve hours showed verj short 
chains and often no chains at all, while those on the coconut milk agar showed 
longer and more ehaiacteristic chain foimation Although in this case the 
coconut milk medium is not superior to the blood agar, it was found to be 
siiporioi to the glucose agai This fact can be of value to office and small 
institutional laboi atones vvheie suitable blood is not alwajs available Gompara 
tive cultures weie also made on enriched and plain nutrient broth Growth was 
doubled in the enriched biotli 

III In the case of B fccalis alcahgenes, plain agar and nutiient broth were 
used as comparing media Growth aftci twelve hours was twice as great and 
the colonies more hmiriant on the coconut milk agar than on the plain Broth 
culture w as more turbid in the ease of the coconut milk broth 

rV Blood agar was used as a comparing medium for the study of the 
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piieuiiioeocciis. Again as in the Streptococcus viridans, the growth was mlr 
about half as great on the coconut milk agar as on the blood agar. However, 
smears from both cultures showed definite short chain and capsule formation 
Again as in the ease of the Streptococcus viridans, further comparison via' 
made between plain agar and the coconut milk enriched agar. The colonics were 
larger and the growth nearlj’- twice as great on the coconut agar. Smears (m 
these two eultures sliowed chain and capsule formation as before on the coconat 
agar, and only a rare chain on the plain agar. 

Swartz medium and plain agar were used as comparison for the study of tlie 
gonococcus. The reading in this ease was made in seven day^s. Moisture was 
maintained and the oxygen tension kept as nearly 20 per cent as possible. 
Growth on the Swartz medium was approximate^ one-fourth greater tlian on 
the enriched plain agar, but there was quite a visible growth on the latter, fbu 
fact should again be of value to small laboratories where ascitic, pleuritic or 
hydrocele fluid is not always available. No growth was obtained on the plain 
agar culture. 

Blood serum medium and plain agar were used for comparison for tlic 
meningococcus. In this instance, the growth appeared more rapidly on tk 
coconut milk agar but was less luxuriant after growth was established. Grout 
was absent to scant on the agar cultures. 

Plain broth and plain agar were used for comparison for the B. wc c n 
concentrated beef broth. In the concentrated broth and the coconut hrol 
growth was almost equal and in each instance luxuriant. Growth was min' ^ 
less luxuriant on plain agar and in plain beef broth. 

Potato medium and plain agar were used for comparison in the 
tubercle bacilli. The coconut medium did not shorten the period of la?. 
growth was about half as heavy on it as on the potato medium. 
growth on the plain agar slants. In this instance, the medium to v nai 
coconut milk was added was an egg yolk glycerin agar. . 

An analj'sis of coconut milk, reported by E. hi. Garay in the PlmPP 
Agricnlfiirisf, was obtained through the courtesy of the bacteriological see 
of the U. S. Food Division and is as follows : 


.Specific gravity at 15,5 
Water at G0° C. 

Ash 

Acid coiistituent.s 

Glucose 

Cane sugars 


1.023 

0.96 per cent 
0.9 per cent 
4S.0 per cent 
0.5 per cent 
2.6 per cent 


3: thcF 


The sugars present were found to be sucrose, fructose, and glucose, 
cent was given only for those mentioned in the above table. 

The vitamin content of coconut milk made by J. IT. Axmayer, also o 
through the U. S. Food Division, states that “Vitamin B is 
amoimts, while factor G (Bo) is present in appreciable quantities. I ' 
and B have been reported in the meat.” 


SUSDIAKY 


Sterile coconut milk is easily obtained by aseptically aspiratnis 




irc-y^‘ 


coconuts. The addition of this noncooked, nonsterilized nutrient ‘"'f 
doubled the cultural qualities of ordinary nutrient broth and agai 
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of all organisms tested, and was fonnd to be siipeiioi to the usual medium used 
m the case of Slaphijlococcns miieiis, i? fccahs ahaltgcnes, and B wclclm In 
the case of the moningoeoceus, it nas found to be equallj as good as the medium 
usually used In the cases of the Sti cpfococctis vindans, pneumocoeens, gono 
cocens, and tuheielo bacilli, it was found to be uifcuoi to the piefened selected 
media 
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PREPARATION OP COLLOIDAE GOLD SOLUTION** 


R D Scott, B S , and Got die De Lo\r Pot uaidus Onto 


/^N SEARCHING the litciatiue it appeals the fiist teewded piepaintioii of 
colloidal gold solution, oi gold sol, was made bv Fnrada 3 ’ m 1857 His 
method nas the leduetioit of a solution of gold chloride bj phosphorus dis 
soiled in ether 

Bieclig^ 111 1897 piepaiecl gold sol, passing on aic betMten gold eleotiodes 
under y ater 

Zsigmoiidj^ in 1808 pieseiited the method of i educing gold chloride in 
solution made alkaline iiith potassium caibonate using founaldehj de as a 
1 educing agent He also made the iiiipoitaiit obseiintioii that flocculation of 
gold paiticles luth an electiohte such as sodium chlonde is pieiented by 
defluite protein concenti ations, specific foi each pioteui 

To Lange’ is due ciedit foi adapting this piieiiomenon to the examination 
of spinal fluids He obseited in 1912 that in suitable saline concenti ation 
those uitli sjplulitic iniohement cause flocculation of gold uhile noimal 
spinal fluids do not He pioposed the scale of dilutions, coloi ratings, and 
foira of repoitmg non used in distinguishing the seieia! tipes of syphilitic 
affections of the eeutial neiioiis system 

Vaiious modifications of Zsigmondy’s piepaiation technique liaie been 
pioposed by numeious nnestigafois, then numbei attesting to the difficulty 
of prepaimg a satisfactoiy solution Those most ni use aic of three general 
types (1) the Eike-' modification (1913), using glucose instead of foimakle 
hide, (2) the Millei*' modification (1915), using oxalic aeid togethei uith 
foimaldehyde, and (3) the Mellaiiby^ a iicu method (1923), using potassium 
oxalate u ithoiit formaldehy de 

The glucose method yields bcantifii) piepaiations iihich, honexei, do not 
seem so well adapted foi clinical use as those piepaied by the Willei pioce- 
diire, since in om expeiienee they aie less sensitne While ue haxe not tned 

•fVotn the Ohio Health Department Laboratories Columbu's 
Recel\e<l for publication Waj 1C 1938 
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out the oxalate procedure of Mellanhy, it does not appear suitable for tt 
preparation of large quantities. 

A satisfactoiy colloidal gold solution may be defined as one ivliicb giii 
typical reactions with pathologic spinal fluids and no reaction with iior® 
fluids, under the test conditions. 

Satisfactory preparations will have the following characteristics: 

The color by transmitted light is red, variously descrihed as rose re( 
salmon red, or cherry red, with no trace of blue tint. By reflected light tl 
color is brown, clear or ■with only slight turbidity. 

The reaction lies between pH 6 and 7. Five volumes are precipitated t; 
1.7 volume of 1 per cent sodium chloride, largely ivithin an hour; completeh 
overnight. 

Usually, but not always, such solutions will be found satisfactory lo. 
clinical use. 

Numerous factors influence the preparation of gold sol. There is lack d 
agreement both as to their relative importance and whether a given factor 
is favorable or the contrary. Thus, some observers believe that the disfiliri 
water used should be of the highest purity obtainable ; others contend that 
traces of certain impurities are helpful, for example, those derived from rub- 
ber connections. 

Some maintain that sunlight is necessary; others hold that its effects 
not material. Some prescribe the addition of the several reagents separately 
and at definite temperature stages ; some add them together. 

The temperature of reduction is considered critical, but temperatures of 
85°, 90°, 95°, and 100° C. are variously recommended. 

Some workers use involved methods of adjusting the final reaction to 
neutrality ; others consider it unnecessary or impractical to attempt any cor- 
rection. Some prefer rapid heating, some slow. To date, over a period o 
four years, we have prepared 320 liters of satisfactory colloidal gold 
some -ivhieh were unsatisfactory. "We have experienced considerable dim 
culties, but more in the past than at present. , 

"We employ the Miller modification in so far as using both oxalic aci 
formaldehyde as reducing agents. 

The procedure of ililler and his co-workers is outlined : Heat lOdd o 
of distilled water over a burner. At 60° C. add 10 c.c. of 1 per cent go ^ 
chloride and 7 c.c. of 2 per cent potassium carbonate. At 80° C. add 10 
of 1 per cent oxalic acid. Remove from flame at 90° C. and add 5 c.c. o 
per cent formaldehyde (40 per cent solution diluted 1 in 40), or enou^ 


produce a pink color. . 

"We found that double distilled water seemed to woi'k better than 
and following the installation of a new, very efficient stiU we were ^ 
use single distilled water, letting the distillate come over warm and rcc 


it in a pyrex bottle. 

It was found unnecessary to adhere to the prescribed 
"old chloride, potassium carbonate, and oxalic acid may be added sucee. 


■with stirring, at temperatures between 50° and 60° 0. Heating is 


f},c fas’- 


tinued to boiling instead of 90°, the beaker is then removed from 
and the formaldehyde is added. “We believe that the reduction procecf- 
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rapicll} 111 good da} light and tliat it is pioiiioted 1)} tlie presence of a picM- 
oiisl} foiined film of gold on the be.ikei wall, also b} snflicient stiiring 

In 0111 opinion the most impoitant fattoi i\lii(.li detei mines whether the 
solution IS cleai and satisfactoi} for the pin pose ot the test, oi turns turbid 
and unusable, is the technic|ue of tlie icduLtioii uith foimaldeh}de 

It uas obseiicd that tJjo amount added, the time alloned toi lenction, and 
llic tenipeiatme aie all of sigiufitance Atcoidingl}, ^\e giadualh eiohed 
tlie piocediiie of adding a definite \ohime and depend on the time and teni- 
peratiiie tattois Joi completion of tlie leaction 

Om pioeednic, mIucIi ue ha\e empIo}ed foi the past foui months, by 
means of uhich o^e^ 100 litcis ot iimfoiml\ satistacton sol ha^e been pie- 
pared, IS to add at once 3 0 c c oi the foimaldeln dc solution, then to stii 
contmiioiish A pinh coloi soon do'velops giadualh deepens, then suddenl} 
flashes to the desiied light chcir\ led toloi This final coloi change usuall} 
de^elops as the tempoiatme diops to fiom 85® to 80° C 

Immedmtch aftei piepaiation, the solution is tiansfeiied to p}rei. bottles 
and IS stored in the daik, undei lefiigeiation The beaker used is paitiall}, 
but not completeh, fioed fiom deposited gold film b^ uiping with a clean 
towel, and aftei iinsing with distilled watei is again ^ead^ foi use The 
stiength, as well as the puiit\ of the jcagciits used, must be coiisideied AVe 
ha^e noted that while diffeient lots ot gold ehloiide oxalic ncid, and foimal- 
dehjdo ha\e not deMated materiall} tiom then theoietical contents, thiee 
biands of C P grade so called unIi}dious potassium (aibonnte langed lu alka- 
line strength fiom 82 to 85 pel cent of theoM Thus \ai}jng stieng-ths of 
this leageiit max also tend to explain the difficulties ot piepaiation 

AVe haxe found thiougli expeiionce — ^not b\ calculation — that using potas 
Slum carbonate 83 pei cent anhxdious stiengtli, the optimum xolume in lela 
tiou to the othei leagents used is 7 8 t c of 2 pei cent solution 

It has been oiii expeiience, using the oxalic acid foi maldeh}de method 
of reduction, that if the finished solution is deal, or neaiJx so, and is free 
fiom blue tint, it will almost jinaimbl} be found satisfactoix in actual use 
AVe make no adjustment in leaction aftei piepaiation and deteimine 
ulietliei a gnen solution is suitable foi use b} its beliaxioi with known iioimal 
and paietic spinal fluids If slightlx inseiisitne then m the ne\t lot piepaied 
we add 32 ec foiinaldeli} de solution instead of 3 0 cc , if slighti} o\ei- 
sensitne, x\e add 28 cc in the next piepaiation 
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A :modified apparatus for milking small laboeatory 

ANIMALS" 


Arthur J. AIueller, B.S., Evansville, Ind. 


I N 1937, Cox and Mueller^ described an apparatus suitable for milking small 
laboratory animals. The essential part of this report was the perfection 
of conditions necessary to obtain milk from rats. As an added eoiiveniencc, 
an automatic device for obtaining pulsations in negative pressure (tlironst 
the clamping action of a magnetic srviteh) was described. Temple and Ron- 



confirmed the original findings and obtained pulsations in negative pr 
through the operation of a piston. i 

The present note deals with a simplification of the early 
magnetic switch (which operated with some uncertainty and mueli 
been replaced by a needle vah'e operated by the movable arm 2) ■' 

liolarized telegraph relaj’. The entire apparatus (as indicated m 
readily constructed, and operates quietly and efScientl.v. cowr'^'' 

"When suction is applied, the mercury rises in the U-tnhe, B, am • 
the circuit at electrode, D. The current from the two diw cells, F, ^ 
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to tlilou the ichi> and bieak tlie suction When the meicuiy rises to electiode 
C, the effect of the tliree cells, E, thlo^\s the arm of the lelaj and opens the 
needle -vahe ^ 1 , admitting an When the contact at C is bioken, the lesidiial 
cunent (fiom P) is adequate to hold the needle lahe (lelaj) in the “open” 
position When, hoi\ c^el, contact is bioken at D, the arm of the reia>, animated 
b} the permanent magnet of the lela^, closes the needle ^ahe and the c}cle 
begins again This s^stenl of balanced electiical ciiciiits gnes the lag neces 
sar\ 111 effectne milking 

The needle ■\ahe is essentiall} tuo machined tubes with small holes in 
close approMination The notched head uhieh fits into the aim of the lelaj, 
IS attached to the innei tube, uliilc the ontei tube (connected to the suction 
line) is held fiimlj in place and is machined to fit tiglith against the undei 
stele of the notched head The tuo small holes aie adjusted to open or close 
uith the mo^ement of the aim of the iela\ 
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A irCTHOD rOR THE DETCRJIINATION OF BROJtINE IN A 
PROTEIN TREE FILTRATE* 


Helen L Wikofi , Ph D , Eloisf B \mf, M A , and M vnl vl Br vndt, I\I A 
CoLUAiBLN, Ohio 


T he recent iiiteicst in biomme metabolism and medication lias biought an 
impeiatue need foi an accuiatc and simple metliod foi deteimining biomme 
in blood The existing methods for the detciinination of biomides aie too com 
plicated and time consuming for loutinc use in the hospital The first step in 
nearU all of these pioccdures icquiies prclimmaij destiiiction of oiganic ma 
tenal This is accomplished either b\ drjing the sample and igniting it avith an 
alkali*^ under caiefullj controlled tcmperatiue conditions, or bj the uet oxida 
tion” of the sample m acid Whethei the oigaiue material is destro-^ ed bj the Met 
01 di\ method, tlie bromine is usually separated fiom the othei halides bj selee 
ti\e oxidation in an acid medium folloued In distillation oi aeration ^of the bio^ 
iiiino or its oxidation products into a suitable absorption system *’* ^ 

The amount of bromine absoibed ina> be measured b’\ the iodine liberated from 
added potassium iodide The iodine maj be determined eithei \ olumetricallj 
or coloiimetricallj 

Anothci colorimetne pioeediue’® depends upon the production of a pink 
color (eosin) when an aqueous extiaet of the ashed sample, buffered Mith an 
acetic acid sodium acetate solution, is treated Muth chloramine T after addition of 

, 'From the Department of Ph>s!oloffical Chemistrj College of Alcdicinc Ohio State 
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a drop of alkaline flnoreseein solution. Color comparisons are made mtli it-! 
tube standards containing varying concentrations of bromine similarly trcatel 

In still another colorimetric procedure the bromide ions in an aqiiooiisu- 
tract of the ashed filtrate are oxidized to bromine in the presence of dceobr- 
ized fnchsin.^*"' '''■ This procedure gives rise to the development of a lavtndrr 
or pink-colored compound -which can be isolated on Fuller’s cartli and ftcE 
redi.ssolved in chloroform for use in a colorimeter (Deniges and CMf 
reaction^). 

iilalamud-* developed a colorimetric method for the determination of bromife 
based on the production of a brown color following the addition of a sobilin 
of gold chloride to a protein-free blood filtrate. This procedure greatly .sliorifc' 
the time required for a blood bromide determination and gives consistent r- 
suits with blood drawn from patients receiving bromine medication (oxtrcraclv 
high blood bromide content). However, the bloods of normal persons and p:- 
tients with low blood bromide content, as determined by the method to i)<? '1- 
scribed, do not contain enough bromine to poroduce a satisfactoiy color wift 


gold chloride. 

Using a potentiometric method with a silver-silver bromide electrode. 
Hastings and van Dyke’^ titrated a protein-free filtrate with silver nitrate 
obtained a curve from ichich the amount of each halide present conld be 


termined. This method is cumbersome and requires the use. of fairly c.'cpciwft 
apparatus with Avhich the ordinary laboratory technician is not usually 

The method to he de.sei'ibed in this paper con.sists of a modified DeuigM'^' 
Chellc reaction applied directly to a protein-free filtrate. The oxidation ® 
organic material is omitted since our experiments to be described later show >• 
step to be unnecessary. A modification of the colorimetric procedure as 
nally described is the substitution of acetone for chloroform as a sohfik o 
bromofuchsin derivative. The relative solubilities of the halogenatcd h'Oj-'® 
derivatives are the same for acetone as for chloroform. However, fi'c 
developed in an acetone solution arc far better for colorimetric work 
developed in chloroform solution, and since acetone aiid water are me 


there is less tendency for an acetone solution to be cloudy. 


EXPERIJIEXT.VL PROCEDURE 

RcagoUs. — (1) Fueh.sin reagent. A solution prepared by ^ ,, 

gm. basic fiicbsiii in 500 c.c. wai-m water is cooled and treated f' j,;. 
concentrated liydroehloric acid. Five cubic centimeters .saturated so 
sulfite solution are then added, and the solution allowed to stand unh ® 
ized (overnight). Such a .solution is .stable for three or four months a 
temperature. _ 

The sensitivity of this reagent to bi’omine may be incrcaseu a. • . 


the excess sulfur dioxide from the solution. However, the 


resulting so]ntto^‘'_ 


extremely unstable at room temperature and becomes colored 
hours, but if kept in a refrigerator tliis solution remains colorless o 
year. Nevertheless, tlie nnacrated .solution is much more practical oi 
analyses. 

(2) Bromine standards, (a) Stock solution — 0.001 gm. 
prepared by’ dissolving 1.49 gm, potassi-um bromide in a liter of disti 
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(b) Worlving standaid — 0 000001 gm (1 gamma) per cc picpaicd dail> b} 
making appiopiiatc dilutions oC tlie stock solution 

(3) Conccntiated sulfuiic acid 

(4) Potassium pei sulfate 

(5) Satiuated sodium bisulfite 

(6) rullei 's caith 

(7) Acetone 

Pioccdurc — A small amount oi peisullmic atid is toimed bj adding 3 or 
4 drops of concentrated sulfuiic acid to 30 oi 40 mg potassium peisulfate m a 
clean dij test tube and allowing them to leact foi thiee oi foiii minutes Ten 
cubic ecntimetcis of a piotein fiee blood filtiate piepaied aecoidmg to the usual 
procedme of Polm and AVu aie then added followed b\ Ice fnehsin leagent 
AVithin a few minutes aftu mixing the loagcnts bj iincitmg the test tube, the 
solution becomes Molct colored, due to the reaction of the biomme (formed 
the oxidation of the hiomidc with peisiilfimc acid) and the fnehsin leagent 
Aftei this solution stands foi a few miiuifes, the coloi changes to pink, this in 
dieates that the oxidation of tlic Inominc Ins been completed The action of the 
persulfiiiic acid is then stopped bj adding a diop of sitiuatcd sodium bisulfite 
solution This tioatmont rostoies the \ioIct coloi ot the solution 

The halogenatcd compounds of fuchsin aic absoibed on about 2 5 gm 
riillci ’s eaith mixed well with the solution Aftei eentufugation, the supei 
iiatant liquid is discaided and the tube allowed to diain ±oi two oi tlucc mm 
iites The biomofuchsin compound is then separated from the Pullers eaith 
hj shaking well with 5 cc of acetone Attci a second ccntiifugation, the pink 
colored solution is decanted and compared m a coloi imettr with a standaid con 
taming 10 gammas biomidc solution tieatcd m the same waj 

When more than 5 mg btominc pei 100 ce aie present (bloods from pa 
tients recenmg biomidc medication), the colored compound is not complctelj 
absoibed on the rullei 's earth IIowc\ei, acetone (3 c c ) added directlj’^ to the 
colored solution aftei the addition of the satuiatcd bisulfite solution, dissohes 
the colloidal biomodci native pioducmg a color suitable foi comparison with a 
standaid treated m the same waj 


Blood Bromisf Coxtent of 10 Sti dents 


Student No 

El m niR per 100 • 

whole blood 

1 

(Tn” 


1 57 



0 92 



0 6o 


5 

0 04 


0 04 



1 12 



0 89 



1 00 


10 

0(2 



DISCUSSION 

The use of acetone as a soKciit foi the bioniofuclisiii compound produces 
a solution having a much deeper and moie intense color than when ehloioform 
IS used Small dificrcnces in biomme concentration aie much easici to detect 
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colorimetrically. Furthermore, since acetone is soluiile in water, tmpomj 
emulsions which form between cMoroform and water are avoided. The rchlivi 
solubilities of the halogenated fiichsin compounds ai’e the same for diloroforr, 
as for acetone, the iodo and the hromo derii’atives being soluble and tlie dibu 
derivative insoluble in acetone. 

The mere presence of bromine in a protein-free blood filtrate does not pn- 
elude the existence of bromine in the pi'otein material precipitated when ]nci>3!. 
ing the filtrate. Therefore, this material was dried and examined sepHatclj 
for bromine. Throe different procedures for the destruction of the organlr 
material were a.s follows.- (1) ashing the dried precipitated pi-otein raaferiaht 
450-500° C. in the presence of five times its weight of sodium carbonate, (2) lul 


oxidation ivitli a chromic sulfuric acid mixture, and (3) w'ct oxidation mth j 
chromic sulfuric phosphoric acid mixture. Solutions prepared in the first a- 
by dissolving the a.sh in water, in the second by aerating, and in the third h; 
distilling the bromine into an alkaline solution were then examined for tlicprv 
ence of bromine by our procedure. Negative results in every case ostaUi^d 
the ab.senee of bromine in tlie precipitated protein material. 

"Wlien the fiiehsin reagent is treated with iodine, a reddish violet iodo cor • 
]ionnd soluble in acetone, chloroform, and alcohol is formed. The iodo fiich-'n 
derivative cannot be separated from the bromo compound by our piwcdiirt 
When le.ss than 20 gammas of iodine are present in 10 e.e. of solnfioa n>t* 
for the determination, the color of a solution of the iodo derivative intheaedw'’ 
is the same as tliat of the hx’omoderivative. Consequently, if iodine in .wiwwh 
le.ss than 20 gammas is present in the 10 c.c. of solution being ^ 

in'omine, the color obtained by our procedure ivill be due to iodine ns ac ‘'' 
bromine, and the results will be too high. When more than 20 gammas of w 
are present, the acetone solution of the iodo fuchsin compound dift'ei's 
from an acetone solution of the bromo deriimtive. Solutions of bromides wn 
taining more than 20 gammas of iodine in 10 c.c. being tested cannot M ee® 
pared with a bromine standard. 


V.M.i’Es (is Obtai.ved When 10 c . c . of Soi.utjon Are Anai 

THE Pee-se-vce of Le.s.s Than 20 Gammas Iodine 


:,vzed lOli 


Gammas Bromine 
in Standard 
(10 C.C.) 


10 

10 

10 


Solutions to Be Tested (10 c.c.) 
Cone. Bromine Cone. Iodine 

in Gamma.s in Gammas 


Apparent 

Bromine a'i R- 

terniincd_mJ£_;j„ 

10 

10 
10 


. ... lOOf.c 

The iodine content of normal blood varies from 4 to 6 gamma.s ] ^5 

Since the bromine concentration of blood is at least a lumdred lh«e'j 
iodine, the blood iodine will not materially affect the re.sults for the ’ ^ 
mine unlo.ss the patient is receiving iodine medication. 

The fuchsin reagent used in tlie bromine determination is similar to 
known SeJiilf’s aldehyde i-eagcnt, wiiicli when treated with aldehydes 1''.^^.^., , 
an immediate rod color without the addition of persulfuric acid as at) 
agent. The aiisenee of such reactions in the ease of the protein-free ) o . 
elim'uiaies the pos.sibi]ity of an increase in apparent bromine concen p-i- 
lo the reaction of aldeJiydcs with fuchsin. Tlie constant valiie.s foj > 
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mides in piotem ficc filtiaics Kept serial lioui*? at loom tempciatme also estab- 
lisii this fact 

BroxiiNC Content m Piotlin Pin I’lin xrrs Kim simtm Holis \t Koou Temiei \tui e 


hresh liltrnte 

1 hr 

2 hi 

4 hr 

6 hr 

11 hr 

24 hr 

0 71 





0 7b 



OSl 



1 0 1 

1 33 





154 

142 



0 92 



0 94 

0 85 



0 87 



Ofo 

0 70 

— 

9 68 

— 

0 70 

0 71 


SIMM\R\ 

1 A coloiimctiic mcUiocl foi deteimiiiation ot bioniinc in a piotcui fiec 
filtiatc is desciibecl 

2 The pioceduic is lelatuch lapid and the nietliod maj be applied gen- 
erally -with the exception of patients icccning iodine medication 

3 It has been shoiin tliat the blood biomino is cntiicK in the piotcm fiec 
filtintc and that the protein coaguUini contains no biomine 
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PHOTOELECTRIC COLORIMETRY 
n. QUANTITATIVE DETERMINATION OP BLOOD NONPROTEIX 
NITROGEN, UREA, CREATININE, CREATINE, 
GUANIDINE, AND AlIIINO ACIDS" 


David Nortiiup, Ph.D., Fabry L. Hawk, jM.T., and 
Jerome E. Andes, Pii.D., M.D., Morgantown, W. Va. 


INTRODUCTION 

T N THE first paper of this series^ is given a brief discussion of pliotocicctri; 
A colorimeters, and it is needless to repeat tlie same here. It is only iicccs'aiy 
to add that ive feel that the null-point, two-eell instruments are quite supM® 
to the one-cell, direct-reading types, and, therefore, we have used this type of 
apparatus. A fairly detailed discussion of the instrument, together with a 
cut of the same, is given in Pig. 1 of paper I.t In the work outlined below 
we have not tried to introduce any actually new methods, but have only niol!- 
fled one of the more standard procedures for use with the electrical nistra- 
ment. M^e have also given curves (for use with the instrument illnstrateiL 
and have pointed out the mo.st satisfactory type of filter for each detcinnns 
tion. lYratten (gelatin) light filters, mounted in glass, were used cxelusivelj- 


EXPERIMENTAL. 


Use of the histn/mcnf. — The pliotoeleetrie colorimeter (Pig. I. 


turned on fifteen to twentv minutes before using’ to allow it to “heat-up. 


thereby reach a constant output. The glass cell or cupj is then filk^^ 
water (or blank of the reagents) placed in the instrument, the inilliau'P^^^j-^ 
output of the photoelectric cell set at some definite value (0.40 Ma.), 
galvanometer adjusted to the neuti-al position with the conduction set at 
Then the cup is filled with the solution to be tested and the per 
transmission found, the output of the photoelectric cell being held at 0. • 
all the while. From the graph for this determination, the coneentraticn 
the unknown is read otf directly. . ]j,p. 

If filters are used, the current output of the photoelectric cell is 
to be read accurately ; consequently the output is adjusted (at 0.40 ^ 

out the filter in place, and the incoming voltage noted. Then by p 

voltage regulator the incoming voltage is held at this value, while the ' 
put in place, the instrument adjusted, and the unknown reading taKea- 
recommended procedures are given in more detail below. 

^ y ^^,1 -t! 

•From the Departments of PathoIos\' and PhysiolopjL West Virginfa 
School, ^lorgantown. 

Received for publication. ^lay 19, 1938. , 

t^Tanufactured by Kinicr and Amend, Kew Tork City. ' 

tThesc cells are standard glass absorption cells, 1 cm. thick 
hold approximately IS c.c. of fluid. It is convenient to have at least ^ 

one for the blank (or w.ater) and the other for the unknown solution, inc c 
very clean by washing with soap and water after each determination. 
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Principle — Tins is essentiallj the method of Poliii and Wu,- using a 
selenium digestion inixtiiie^ ‘ Tiie tungstic acid blood filtrate is digested uitli 
acid and then nesslenzed Fioni tJie ^alue for the light tiansmission of the 
colored solution, the conceiitiation ot nonpiotciii mtiogcn is obtained diiectlj 
fiom a grajih 

Pioccdinc — Piepaie «i pioteiii fiee blood filtiate b> adding one ■\olunie of 
blood to se^eii \olumos of uatei, shaking and uniting thiee to four minutes to 
allou the coipiisdes to lake, and adding one lolume of -/^ iioinial sulfmic acid* 
^and one ■Nolume of 10 pei cent sodium tungstate Shake and filtei oi ceiitiifugc 
at once The filtiate should be cijstal clear f 


Measuie 5 c c of this filtiate into a nonpzotem nitiogeii tube (pjnex test 
tube graduated at 35 and 50 c e ), and add 1 c c of selenium digestion mi\tiue % 
By means of a niieiobuinei, licat the solution iindci a hood until white sulfur 
tnoMde fumes begin to fill the tube Then leduce the size of the flame gieatlj, 
and coutnuie heating (nc\ei at am time allowing the flame to touch the tube 
abo^e the Ie\el of the liquid) until the solution is deal A slight amount of 
brown flakes in the top of the tube is of no liaim, as this mateiial floats on the 
surface of the liquid thiough the icst of the pioceduie Aftei cooling foi a 
few minutes, dilute with watei iiearlj to the 35 cc moik, and add 15 c c of 
diluted Nesslei *s solution § Dilute to 50 c c with water, mix, and lead at once 
in the photoelectric coloiimeter, aftei fiist setting tlic instiument with the cup 
filled with a blank of the leagents (35 c e of watei + 15 c e of Nesslei ^s) and 
using a No 47 'Wiatteii filter A ciuient of 040 Ma is used (without the filtei 
111 place) A voltage regiilatoi must be emplo\cd if the \oItagc is not constant 
The noiipiotein \alues aie lead diicctl} fioin the giapli in Fig 1 If the 
^alue is abo%e 60 to 80 mg , the analysis had best be repeated, using a smallei 
amount of the filtiate If speed is iiecessai>, such a sample inaj be sa^ed bj 
adding to the nesslei i/ed unknown one oi moie equal paits of watei (contain 
nig 15 c c of Nesslei 's + 1 c c of digestion inixtiue pei 50 c c of volume), and 
ledetei mining the light tiansmission 


•prepared t)> addins' 18 6 cc of concentrated sulfuric acid (94 per cent sp sr 184) to 
^^ate^ and making the \olume up to 1000 cc 

tNote that the reagent^ are added In the teverse order This gives a more complete 
I recipltatlon of the proteins and the material can be fllteiod at once This method of precipita 
tion seems to be necessary in the detci nilnatlon of blood creatine* 

tThls is sllghtlj diffeient than either of the mixtures of Campbell and Hinna* or Bcls 
and Powers « It consists of 100 mg of selcnfous acid (selenium dioxile) added to 200 c c of a 
3 1 mixture of concentrated sulfuric and phosphoric acids It Is colorless and quite suitable for 
Photoelectric work 

IThe Nessler s solution is prepared from a mixture of the double Iodide and water the 
dilutions being different foi urea and nonprotein nitiogen determinations „ , 

Double Iodide To 75 gni of potassium lodlle and 110 gm of iodine in a „j0 cc flask 
add 50 c c of water and 70 to 75 gm of metallic mercur> Shake the flask continuouslj and 
vigorousb until the dissoUed iodine has ncarlj all disappeared The solution becomes quite hot 
When the Iodine color is \ 1 s 1 bl 5 pale cool In running water Continue to shal^ until the red 
color of the iodine has been replaced bj the green color of the double iodide Do hot cool too 
soon' Separate the solution from the excess mercurj by decantation and wash with liberal 
amounts of distilled water Dilute the washings and solution to a aolumc of -000 cc with 
Water 

Kesslers Solution for Nonprotem mtrooen Dilute one part of the double Iodide with one 
part of distilled water and add four parts of lO per cent sodium hydroxide (freshl> prepared 
from C P cjicmicals) Tills solution keeps seaeral months if stored in a browm glass stoppered 
bottle 
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UREA NITROGEN 

Principle . — The blood filtrate is treated with a solution of urease amUh 
color developed by direct nesslerization. This method is a modifieation of tl 
method of Karr^' similar to that outlined by the authors^ 

Procedure . — Transfer 5 e.c. of tungstic acid blood filtrate into a Icsttd^ 
graduated at 25 e.c,, and add 2 drops of glycerin urease solution" amUdnp 
of phosphate buffer solution. t Incubate in a water bath at 45° to 50° C.f : 
fifteen minutes. Cool, dilute up to about 20 e.c. with water, add .‘1 e.c. of iia. 
Kessler’s .solution,! and dilute to 25 c.c. Mix and find the light traiisinsv: 



h^ht ConfiMctton m firrC^nt 


Fiff. 1. — Photoelectnc light transimission cur\’es for no^protein nitrogen, urea niU’Q’- ^ 
creatinine. The type of filter is specifiocl on the cuive. 


in the photoelectric colorimeter as with the nonprotein nitrogen, after 
•setting the instrument at 100 with the cup filled with water, 
lion, buffer, and urease fmade nn to On o c In volume). A Ko. J7 


lion, buffer, and urease (made up to 25 e.c. in volume). A Ko. J7 

•Ghjrfrol Vrease Solution. Sh.ike 1.', (jni. of peimutit with 200 cc. of 2 
acid, dec.ant the aeueous pha.-.e. and wa^h two or three thties with di'-tilled water. * 
perniiitit. add 30 c.c. of 0.001 normal culfiiric acid and 30 ffm. of jack hca" ''.JL IF 
Chemical Co.). Sh.ake Kently for thirtv minutes, .add 150 c.c. of Blyceim, nunk V 

stand overniprlit and filter tlnoueii several tliicknc.sse.s of sauze. Centrifusc T 


iiijliult"-. uxe ^uincjfnt joi niom uiea xieioninnacions. ATfUmn i * 

Its full actixit.v for at le.ast a ye.ir at room teniperatuie and exposed to the ni' . j,,(. e i 
lumin itlon : howcvoi, keeping the extr.ict In the lefrieerator is to bo prefcrn a 
venient. See Koch.' ihr. ' 

f/’/ioiphotr BuUer. DissoU’C II Km. of sodium pyrophosplmte (L'-S-U) *" 
cc. of Klacial pliosplionc acid {S,3 per cent), and m.ike tlie volume up to - { r * 
t.Vcs^/M-’s .Solution for Vrea. Mix three paiLs of tlio double iodide f'TftMdiuW * 
with tliice parts of distilled water. To this mixture add It parts of .3 per eem i 

(fresWy prepared). The solution is best prcp.ared fresh tiom tlie double low 
three months. 


tlie double iodide at 
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filter IS used, anti A pliolooleLti 1 C t\nu nt of040Ma (u ith tbe filtei lemo’ved) 
The luea uitiogcn ^ahle is obtainetl diiptfh fxoin the tune m Fig 1 

Foi ^alnes abo^e GO mg pci 100 c t the deteiimnatiou is best lepeated 
using smallei amounts of fiUiate, it uecossuj the colored solution maj be 
diluted uith one oi more ^oluulcs of watci (conlaming Nesslei 's solution, 
mease, and butlei), and the coloi tiansnmsion icdeteimined 

PRLPORMED Cl E\TIM\E 

Pnnciplc — This is cssciitialh the method of Fohn and Wu^ ^\hlch is leij 
uidelj used The lod color is <le\eloped b\ ti eating the blood filtiate uith 
alkaline pterafe, and the amount of coloi detoiinnied b\ measmmg the li^ht 
conduction 

P/occd»)C — To one Aolnine (20 cc ) ot tungstic and blood fiUiate m a 50 
cc flask, add one half this amount (10 t c ) of alkaline pieiate solution,’^ mix, 
aUo-\^ to stand eight to ten minutes and lead the light tiansmission m a photo 
electiic colonmetei (using a Vo 63 Wiatten filter and a cmreiit ot 0 40 Ma , 
Without the fiUei) The instiumeut is pie\umsh balanced at 100 uith the cup 
filled uitli uatei and the reagent (m the intio ot 2 1) The creatinine is ob 
tamed duectlj fiom the giaph in Pig 1 Foi \nlnes abo^e 20 mg, tlie anahsis 
should be lepeated 111111 one half the amount of filtiate (diluted Mitli water), 
111 case of a necessitj the coloicd solution inai be diluted uith an equal amount 
ot isatei and picrate, and the light tiansmission ledetei mined 

TOTAL crEATIMNE AVO ( R1 VTlSEt 

Pnnciplc — Creatinine is detennmed befoio and alter autoclaiing with 
huUochloiic acid (to comeit the cieatme into cieatinnio), and the eieatme is 
calculated fiom the diffeiciice 

Pioccdujc fo) Tofal Cicoiinnic — Piccipitate the blood proteins in the man 
ner gl^en foi nonpiotein mtiogen f To 15 ci of the filtiate m a 25 cc lolu 
metiic flask, add 03 cc of concentiatcd In dioililoi ic acid and autoclaie the 
flask for thuty minutes at 120® C {20 pounds piessiiic) Attei cooling, 
neutializc uith 10 pei cent soduun Indroxide (using litmus papei as an in 
dicatoi), and make the -volume up to 25 cc After mixing, deteimiue the 
cieatmme on 20 e c of this solution using the method for prcfoimed cieati 
nine The lalue obtained fiom the giapU (Pig 1) is multiplied bj 167 to 
gne the total cieatuime pci 100 ( c of blood 

Calculation of C)caiinc — Siibtiactthe picfoiined fiom the total creatinine, 
and multiply this figure b> 1 16 

CLOOn 0UA^IOl^E^ 

PnnciiJlc — The guanidines aie extiacted fiom blood bj blood chaicoal, 
autoclaied to comert cieatme into cieatimne, and a leddish color dei eloped 
iMth a modified Tieg’s leagent 

- • LJRalmc Picrnte Solufion Prep'xie bj iddinp 5 cc of lO per cent <?ocliiiin hjtlroxjdo to 

"5 cc of 1 2 per cent (‘?aturfitotl) picric 'icjd solution Tins 'solution must be prepared fresh for 
^acii determination 

tC'i'sentialh the method of Folm and 1\u as modified ba Vndes* 

tit Is desirable to add the acid and tungatate in the reverse order to that advised bj Folln 
«na Wu as the resultant filtrate usuaUj remains entireli dear when auloclavort 

5Method of Andes and "Msers* 
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Procedure . — Tlie method for preparing tlie extract given in tlie 
paper was used unchanged Since the procedure is fairly long, it is not n 
peated here To the final extract, add 15 c.c. of water (instead of tliD2cf 
in the original paper) and 5 c.c. of the color reagent,' and centrifuge tl rr 
to four minutes to remove the precipitate that always forms at tliis junciiirr 
Adjust the colorimeter with a blank of water and reagent in the eiip, usin'" 
No. 63 filter and 0.40 Ma. of current from the photoelectric cell (vithout ih 
filter in place). Now fill the cup with the unknown solution, and lead th 
light transmission within nine minutes from the time the color leagent lU' 
added The guanidine is read directly from the graph in Fig. 2 
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Pig:. 2 Photoelectric light transmission cui\e foi guanidine (No 63 Wratten (Utw) 


BLOOD AMINO ACID NITROGENI 

Principle . — Blood of plasma amino acid nitrogen is determined dhccfl.' 
tlie protein-free filtrate, using a suitable color reagent. 

Procedure. — To exactlj^ 10 c.c. of tungstic acid blood (or plasma) 
ill a 25 c.c. volumetric flask, add 2 c.c. of 1.5 per cent borax solution and ^ 
of a frc'ihly pii'cparcd 0 5 per cent solution of sodium beta-naphtliaquia®® 
fonate (Eastman Kodalt Co.). At the same time prepare a 
reagents, using 10 c.c. of distilled water instead of the filtrate. Let Iio* * ^ 
stand ill tlie dark lor eighteen to twenty -four hours Now add to tot 
2 c.c. of acid forraaldeliyde reageiit.t and 2 c e. of 0.1 molar sodium 
solution (not standardi7ed).§ Dilute to 25 c.c. and let stand four to fiieima'*' 
to allow bleaching of the e.xcess reagent. 

•Detiils foi premnng the le, agents are gi\cn in the original piper" The celor o 
siioiilu be mine up fre'=:h e\erj foi most accurate work 

tMethod of Dmielson’'' slightl\ inodifled ,, «<■') 

t/lcirf Fot mnUh hvde Reagent Mix tluee \olunies of 1.3 nornnl cc ''I 

lolunio of giaciil acetic acid, and four \olunies of 0 1> niolai fornialdeli'dc f fo-r 
per cent formaideln de diluted to 1000 cc iNlth water gives a 0 15 molar soiuuou 

ctallln' 

50./ Molar .^odium T/iiosnIfafe Dissolve approxiniatelv 25 gm of pure erv''' 
thiosulfate in water, and make the volume up to 1000 c c. 
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Adiust tlie colormiclei (no liltei) at 100 -nith tiio blank solution in the 
' cup, uith a pliotoeleetnt cmient of 040 Ma Then fill the cup uitli the 
unknoiui solution, and find the light tiansiiiissioii Fiom the cune in Fig 3 
I the concentration of ammo acid mtiogeii is found dueetlj Poi \ahies above 
20 mg the dcteimmation is lepcated witli a sinallei aiiioniit of the filtnte 
Such high tallies aic oiilt laielj obseited and then oiih m cases of teiy 
^ seteic litei nijmj 


r 


TronVn #»«»»■» Per C^nt 

Fiff 3 —Photoelectric light transmission cune for ammo 'xclds (no filter) 
DISCUSSION 

In geneial, little need he said except to extol the additional accnraej and 
rapiditj tilth tihieh the photoelectric deteiiiiinatinns can be earned out After 
one deteimination alone, one is im])iessed nitli both of these points The lack 
of iieeessilt foi piepainig a standaid solution is a iiiaihed adtautage, espe 
eiallj tilth ahnoimal blood samples and also mth staiulaids that keep pooilj 
*010 freedom from ejestiain is ,i ten nelcome eiititi The mam objection is 
the fust cost of the instinment 

The cuites foi niea noiipiotcm nitiogeu and cieatmme aie giieii onij 
foi the loiiei pait of the p.ithologii laiige With the first tiio substances it 
IS obtions fioin the giaphs (Fig 1) that \ nines .ibote 60 mg are out of the 
more accurate pait of the tuixe, hence tte hate not mchided them m pre 
paung the giaphs The talne so laielt execeds 20 mg foi eieatuiine that it 
seemed adtisable to plot the lotiet x allies on a largei scale than to include the 
entne lange The amino acid cnitc inelndes all xalnes except the extiemelj 
kigh ones obsericd in seteie hepatic dostinction In all the determinations 
ttie agreement betireen duplicate determinations is usiiallj quite close 
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The most important point (as was also discussed in tlie first paper « 
this series) is whether or not these curves can he used by anotlier operator 
with another (similar) instrument, using other filters. While the best plan h 
for each worker to construct his own curve, this maj" not he ncce.ssary in 
routine woi’k. The filters (especially if kept in the dark or in their cacfsl 
do not appreciably fade in one year’s time. The cups are standard 1 cie. 
spectroscope cups, and are constructed very accurately. Since the photoelec- 
tric determination is made bj” the null-point method with a constant enrrent 
coming from the first cell, we doubt if a difit’erent colorimeter will introduce 
any appreciable error. In fact, we believe that if the values do not need to 
be more accurate than 5 per cent, the curves listed may be safely used per s? 

SUJIMART 

1. Procedures for determining nonprotein nitrogen, urea, creatinine, 
creatine, guanidine, and amino acid nitrogen in the blood have been adaptei 
for use in the photoelectric colorimeter. 

2. Curves are given to facilitate the use of these methods, and it h li?- 
lieved that the curves may be used by other workers using similar instru- 
ments for regular clinical work. 
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A SBIPLF. RAPID JIETHOD TOR THE DETERMINATION OP TOTAL 
PROTEIN AND ALBUiAIIN CONCENTRATIONS IN BLOOD PLASMA, 
SERUJI, OR OTHER BODY FLUIDS’^ 


Da\id a R\t\nd, MD, Svn Frw cisco, C\lif 


T he conecutiations o£ plasma total piotcin and albumin can be determined 
simpl} and quicklj b\ centiifngalization aftei precipitation b^ a modified 
Folm AVu technique Tlic icsults so obtained aie more than adequate for clinical 
purposes, and can be icadih earned out bj the doetoi himself oi his office nurse 
These methods \\cie de\ eloped in i espouse to the needs foi methods simplifying 
the office management of Blight’s disease, but can be applied as ^\ell to othei 
body fluids and to plasma oi seitiin in otliei diseases in uhich knowledge of 
protein concentration is nccessaiy 

Of fundamental impoitanec in these methods is the use of a centrifuge 
nhieli runs at a constant speed (3,500 rpm ) for a constant time, regardless 
of \oltage fluctuations, and with minimized tcmpciatuic use (due to “wind 
age“) Such a centrifuge has been constructed and is now on the market 
Fuithermore, centrifuge tubes molded of tianspaicnt unbieakable plastic ma 
teiial arc now a\ailablc, these tubes aie not onh graduated identically and 
aecurateh, but also ha\c flat bottoms so that the radial distance, and therefore 
the force of eentiifugali/ation is always constant The methods to be described 
ha\e all been earned out witli the above equipment t 

MPTHODS 

Frinci'plc — One leads the volume of piotem piccipitated fiom 1 cc of 
plasma (or othci body fluid) after the addition of sulfuric acid and sodium 
tungstate and after contiifugalization Undci ceitain standard conditions, 30 
mg of piotein y leld 1 c c of packed piecipitate, so tliat the volume of precipitate 
multiplied by 3 gives the protein concentration directly in per cent 

Ueagents—l/lQ N sulfuric acid, 10 pci cent sodium tungstate solution, 
and saturated ammonium sulfate solution 

TOTVL PROTEIN 

Pi ocedm c —Place 1 cc of plasma into an accurately graduated 15 cc 
centrifuge tube Add 8 cc of 1/10 N siilfunc acid, mi\ by mvcision two oi 
tin GO times Add lee of 10 per cent sodium tungstate solution, and mi\ by 
inversion twice Centrifuge as soon as possible at 3,500 rpm for exactly five 
minutes The flat-topped precipitate packs cleanly , and its v olume is easily read 

•Prom the Department of Medicine Stanford t;nl%ei*!ity School of Medicine San 
I nncisco 

This work was aided by a grant fi om the Rockefeller Toundatlon 
Received for publication October 15 1938 

tThe centrifuge and tubes are supplied bj the Electric Manufacturing Co 34 Dore St 
San Francisco 
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Calculation . — The volume of packed protein precipitate in cubic eontimctu'' 
multiplied h.y 3 gives the total protein eoiiceiitration directly in per cerf. 

Karely the volume of precipitate is 2.5 c.c. or more (7.5 per cent or mori); 
when this occurs, tlie determination should be repeated, using 0.5 c.c. of pliism: 

Table I 

PL.\sJt.v Protein CoNCENTE-iTioNS in Normal Individuals, Grams per 100 c.c. 


TOTAL 

ALBUillK 

OLOBfUNS 

Per cent 

Per cent 

Per cent 

8.1 

3.0 

4.5 

7.2 

4.5 

2.7 

7.2 

3.9 

3.3 

0.9 

5.4 

1.5 

6.9 

4.6 

2.3 

6.9 

4.6 

2.3 

6.9 

4.0 

2.3 

6.9 

4.5 

2.4 

6.9 

4.2 

2.7 

0.9 

3.9 

3.0 

O.S 

4.7 

2.1 

6.0 

4.1 

2.5 

6.5 

4.7 

1.8 

6.5 

4.6 

1.9 

6.5 

4.2 

2.3 

0.3 

4.5 

l.S 

0.3 

4.2 

2.1 

6.3 

3.9 

2.4 

6.0 

4.8 

1.2 

6.0 

4.5 

1.0 

Means 6.7 

4.4 

2,3 

Means 7.0 

(Peters and Van Slyke^) 

4.4 

2.C 


Table II 

Plasma Protein Concentrations in Certain Patients, Grams per 100 c.c. 


TOTAL 


ALBU.MIN 


GLOBULINS 


DIAG.NO.StS 


Per cent 

Per cent 

Per cent 



6.0 

2.0 

3.4 

Renal edema 


6.0 

2.1 

3.9 

Renal edema 


5.6 

2.1 

3.5 

Renal edema 


5.6 

l.S 

3.8 

Renal edema 


5.3 

2.0 

3.3 

Renal edema 


5.1 

2.7 

2.4 

Renal edema 


4.S 

3.1 

1.7 

Renal edema 

Renal edema (marl 


4.7 

3.6 

1.1 

Moans 

5.4 

2.5 

2.9 

Renal edema 


6.9 

4.2 

2.7 

Cardiac edema 


0.9 

3.0 

3.3 

Cardiac edema 


6.2 

3..3 

2.9 

Cardiac edema 


5.9 

3.0 

2.9 

Cardiac edema 


0.7 

3.6 

2.1 

Cardiac edema 

Means 

6.3 

9.0 

3.5 

1.5 

2.8 

7.2 

Cardiac edema 
Mulliple myeloma 

S.5 C.C. of 1/10 X sulfuric acid. 

and 1 c.c. 

of 10 per cent sodium 


packed Amlumc of precipitate should then he multiplied by 6. 

ALBLLMIN _ 

Separation . — To 2 c.c. of pla.snia, add 2 c.c. of saturated f-r 

solution, and mi.v liy several inversion-s. Centrifugalization at 3.50 r-l 
fifteen minutes gives a clear or nearly clear supernatant fluid. Co)np 
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ing is more easilj' obtained by centrifiigalization of two tubes, each with 2 c.e. of 
the plasma-ammonium sulfate mixtiu'c, or better yet, of four tubes each with 
1 c.c. During this step, it is essential to allow the centrifuge to continue re- 
volving freely after the current shuts off, for even gentle braking may cause 
turbidit}’ in the albumin fraction. (At all other steps in these methods, the 
machine may be braked if desired.) The usual minor degrees of cloudiness have 
no appreciable effect on the determination of albumin, nor does the milky fluid 
of lipemic plasma. 

Procedure . — The supernatant fluid is drawn off by means of a capillary 
pipette. Place 2 c.e. (equivalent to 1 c.c. of the original plasma) in an accurately 
gi-aduated centrifuge tube, and add 7 c.c. of 1/10 N sulfuric acid ; a precipitate 
forms, but immediately disappears on mixing by inversion two or three times. 



Pis. 1 — Comparison of results by tile new methods with determinations by a s^mlaid 
gravimetric method. The line indicates perfect correlation. The dots indicate total protein, 
the circles albumin concentrations. 


Add 1 C.c. of 10 per cent sodium tungstate, and invert twice. Centrifuge as soon 
as possible for exactly five minutes at 3,500 r.p.m. The precipitate of albumin 
packs cleanly, 

Galcxaation.~T\m volume of packed precipitate in cubic centimeters multi- 
plied by 3 gives the albumin concentration directly in per cent. 


RESULTS 

The concentrations of total protein and albumin by the simple methods gi\en 
above have been cheeked against results obtained by a standard gravimetric 
method^ on tlie same samples of plasma (2 mg. of potassium oxalate per c.c. 
of blood) and albumin solution (fifteen samples each). Fig. 1 gives the com- 
parison of results by the two methods. 

The average error was ±0.3 gm. per 100 c.c. Thirteen determinations were 
loss than 0.25 gm. in error <of these, 9 erred less than 0.1 gm.), and 13 more were 
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within 0.5 gm. of the correct concentration. Three other determinations (os 
normal or high concentrations) deAdated by 0.6, 0.6, and 0.7 gm. The tliirlict'i 
determination, while 9.0 instead of 10.1 gm./lOO c.c., was done only routinelj 
in the course of standardizing these methods, and Jed to the diagnosis of aprt;i- 
onsly unsuspected multiple myeloma, later confirmed by x-ray studies nwil' 
liceause of the high total protein and low allnimin concentration determination’ 

In addition to the gravimetric standardization cited above, these mcilio'h 
have Ijcen used on 20 determinations of total plasma protein and albumin con- 
centrations in normal individuals; 8 in patients with edema due to elironic 
glomerular nephritis, and 5 in patients with edema because of congestive hcaii 
failure. The results are given in the tables, and are those well Imoivn to h 
typical of these clinical conditions. The normal averages agree very ivcil with 
those given liy Peters and Van Slj'ke.- 

OTHER BODY FLUIDS 

These methods have been applied to an exudate (tuberculous plciird 
effusion), with results of 5.5 per cent for total protein (5.3 per cent by lb 
gravimetric method) and 3.3 per cent for albumin concentration. TransiiiitR 
(ascites with portal cirrhosis) have also been satisfactory, giving concentrations 
of 1.5 per cent, 1.2 per cent, and 0.9 per cent for total protein with 0.6 per coni. 
0.45 per cent, and 0.45 per cent for the respective albumin fractions. 
first ascitic fluid was cheeked against the gravimetric method, which gave eon- 
centrations of 1.2 per cent and 0.6 per cent for total protein and albu®)" ^ 
Preliminary work has showTi that urinary and spinal fluid protein conccntralwa 
may also be determined by modifications of these methods. 


DISCUSSION 

Tire chief new features of the above methods are (a) the use of 
reagents, which give a more voluminous and more accurately readable < 
than do other protein precipitants, and (b) the use of equipment whicii 
in great constancy of centrifugalization. By their combined use, the 
become simple and arc quickl.y carried out, and all but the most simple ca 
tions arc eliminated. 

All of the above determinations have been made at a room 
between 20° and 25° C. In this range, temperature does not apprccia 
the volume of packed precipitate from a given amount of protein. V i i ^ 
temperatures, the packed precipitate is less, and with colder 
greater, than when working at 20° to 25° C. Enough data have been | 

O 0. the nln'rw! 


coneenirahj" 


to permit the use of approximate correction factors. At 10 

protein concentration will be about 115 per cent of the correct 

at 15° C., 110 per cent; at 30° C., 90 per cent; at 35° C., S5 per een ■ 
methods are, of course, more accurate if carried out in rooms ai 
Specimens taken from an icebox should first be permitted to reach room 

Great care should be taken to mix thoroughly the plasma ;p 

acid before adding the tungstate, or the resxdts may be too lov' ; ( 
two or three inversions one mu.st allow the contents of the conical tip 
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well TJie sodium tiiii'jstate solution should be leasonablj fiesh and neithei 
too atid 1101 too alkaline 

sinni \n\ 

Simple, quick, and clinicallj adcqufile methods ha\c been described foi the 
deteimimtion of total piotein oi albumin concentration in plasma, serum, or 
other bod} fluids The\ maj be cniiied out in the doctoi s office b\ liis nurse or 
bv himself 

Thanks arc due to I\'iljn Barictt BS for the dcteiminations of protein 

an I albumin concentrations 
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PNEUMOCOCCI, Microscopic Precipitin Test for Typing, Schaub, I. G., and Keid, E. C. 

.T. A. M. A. Ill: 1285, 1938. 

Preparation of the Antigen. — Cultures of pneumococci from blood, ."ipinal fliiiil, or otb; 
■source.s taken during life or at autopsy may be grown in meat infusion broth eonfainini; a ia 
drops of serum or ascitic fluid, incubated at 37° C. for from six to eighteen hows. Tt: 
culture is lyzed by the addition of two drops of a 10 per cent aqueous solution of sMte 
de.soxyeholate (containing 1:50,000 merthiolate to prevent the growth of molds) per cok; 
centimeter of culture. In from fifteen to thirty minutes the organisms are dissolved, k 1 
test.s have sliown that the lysate is sterile. The antigen is now ready for uso. In 
instances an excess of sodium desoxycholate in the presence of serum will cause the cuba 
medium to gel. This maj’ be liquefied by warming slightly without decreasing the effinot f 
of the tost. 

Preparation of the Typing Serum. — For making this test, horse antipneumococens for. 
such as is used for macroscopic agglutination test.s, diluted 1:10 in physiologic polution f- 
sodium chloride, is used. Such dilutions have been found satisfactory after refrigetntt- 
for as long as six weeks. 

Eabbit antipneumocoecus serum as prepared for the Quellung test, dilntcil 1:1 m ' 
solution, has been used, but the reaction takes place more slowly, sometimes requiring ff' - 
one to two hours for marked precipitation to take place. Tlie reaction with the m 
horse serum takes place rapidly, and readings can be made after from fifteen to thirty nniin> 
By adding 1 per cent aqueous methylene blue to the horse serum the reading of rc.>n ' ‘j 
facilitated, althougli the dye is not essential to the test. Dye is already present in then 
Quellung serum. _ 

Attempts were made to place the organisms into groups by means of comnicrci.i , b 
pared Quellung grouping sera or by mixing the typing sera prepared from horses in p ^ 
tions based on the titer of tlie species antiserum, but results obtained were not su " • 
uniform to be considered satisfactory. p 

Technique of the Test. — The Petri disli-hanging drop technique described by Bro 
used for making the test. A disk of moist filter paper is placed in the lid of the dan 
bottom of tlie dish is ruled on the bottom surface with a wax or diamond pencil, pwD 
sixteen 12 mm. squares. In the performance of tlie test two Petri dishes are 1 ^^,, 
each organism to be typed. In one dish the antigen is set up against each of the 
of antiserum (diluted), the sixteenth .square being used for an antigen-.sait conro. 
second dish tlie remaining type antisera are set up. It has been found most ,, 

to add one platinum loopful of the antigen to each of five squares .and mix 
equal amount of tlic appropriate typing sera, and then to proceed witli tiic next ' 
in the same manner. This prevents drying of tlie loopful of antigen before it 
to add the antiserum, as is likely to happen if the antigen is placed in all 
before the antisera are added. A 2 mm. loop of platinum ratlier than one of a P' j 
stitute is recommended. The loop should be thoroughly flamed and cooled cacli (mi 
being introduced into the .serum. jffK.f 

Pending of Pesults. — TIio mixtures of scrum and antigen arc held from pic 

minutes, and rcading.s are made with the 10 mm. objective of the microscope, ^ 
the condenser being allowed to pass through the moist filter paper. Gentle ro a 

plate.s hnsten.s the formation of large clumps of precipitate. The appearance o •> 

• ’•--‘ed by I'W ' ^ ,, 

eldom encountered J,' 

In u.sing this 


i'***"-* __ j. j- . I 

of precipitate indicates a po.sitivc reaction. Negative results arc indieafeo , 
of such clumping. Doubtful or que.stionable results are 
eliniinatcd by comparison witli the control and n known positive, 
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for tliG first feu timo's jt is cuggC'sted fhit Knoun pocitiies and ncgatnes be set up as controls 
to fanulmize the uorker u\tU tjpjcal reaction*! 

Infrequently, though occasionally, cio**-* reactions occur The'-e may bo di-^itinguishcd 
from ty^ucal positne reactions uith a little experience Such a doubtful cross reaction is elioun 
in B 

There appear*! to be no athantngc m incubation or rofiigoration of the mixtures 

SEDIMENTATION RATE, Normal, in Open Pulmonary Tuberculosis, Banyai, A L , and 
Caldwell, E Am Ke\ Tubere 38 40], J93S 

A studi ot the relationship betueen positne sputum and the sedimentation test in 
5,274 cases of pulmonary tuberculosis is reported It u is found that in 2 1 per cent of these 
patients normal sedimentation rito and positne sputum uere pre‘*ent at the sime time The 
syniptoni itology and simultaneous roentgenologic findings corroborated the presence of an 
actnc parenchymal pulmonary tuberculovis m tlio great majority of instances 

The analy-is of the elmieal material reieded not only the possible coexistence of ar 
active pulmonary tuberculosis ind normal seduncnfation velocity, but also that single or 
multiple cavities may coexist with n nornml sediment ition rate 

Tlie most plausible explnnatjon of the rarving rates of the Rcdimentafion of the red 
blood colls is a disturbance of the colloidal balimo of tin blood As a rule, there is ft 
parallelism bctucen the activity of the tuberculous proces’s and the colloidal balance of tJie 
blood Consequently, tissue dostiuetion or tuberculous toxemn that upsets the equilibrium of 
the sprum proteins is usually recognizable bv m increased vodimentation speed 

The exipptions to this rule, as found by the authors and by others, can be explained by the 
hypothesis that there arc certain cases of pulmonary tubereulowi« m which the colloidal balance 
may remain normal during the active stage of the disease or it may return to normal prior 
to cessation of activity of tlie tuberculous procC'S 

The authors are of the opinion that, although tlie^e exceptions do not invalidate the 
value of the sedimentation test, it*. limitations slmuhl be recognized and, therefore, n normal 
sedimentation rate should not be consideiod an infallible evidence of the absence of an 
active pulmonary tuberculosis 

SYPHILIS, Prequency With Which Syphilitic Lesions Are Encountered m Postmortem 
Examinations, Bell, E T Arch Path 26 8S2, J938 

In a survey of 27,872 postmortem examinations it was found that definite syphilitic 
lesions were noted in 2 77 per cent, and in approximately 2 5 per cent syphilis was shown to be 
the major cause of death About 3 tS per cent of stillborn infants were syphilitic, and con 
genital sypluhs c lused about 2 63 per cent of the deaths in infants under 1 year of age 
Congenital syphilis was a laie cau.-e of death m infants more than 1 vear of age 

Syplnlis was an infrequent cause of death in persons dying in the second and third 
decades of life TJie maximal mortality from this cau'.e occurred in persons m the fourth, 
fifth, and sixth decades of life 

Acquired syphilis, m its lethal forms at Icist, was about twice as frequent in males 
as in females 

Tlie major forms of lethal s>philis were syphilitic aortitis and nourosyphilis The age 
distribution of these two forms was about the same 

tubercle bacilli, a Medium for the Culture, Isolation and Dissociation of, Steenken 
W, Jr, and Smith, M M Am Kev Tubere 38 514, 193S 

A modification of Hohn's medium has been recommended It differs from Hohn's in 
that it does not contain alanine, it contains only lialf the amount of asparagm, laemoid 
is substituted for maHclutc green to impart a dark blue background instead of the light 
green produced by malachite green, it has an adjusted final pH of 0 2 as contrasted to 
Holm’s, which is unadjusted but usually has a final pH between 7 1 and 7 3 
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It hus alpo been slion-n that the modified medium is preferaifie to Corper’s nicdiuin ft: 
colonj’ study, since it eliminates marked atypical structures. 

The use of the Fisher culture tube No. 14-927 is recommended for colony study. 

The formula of the medium follows: 


Distilled water 

500 

c.c. 

Sodium phosphate 

1.5 

gm. 

Potassium dihydrogen phosphate 

2.0 

gm. 

Magnesium sulfate 

0.3 

gm. 

Magnesium citrate 

1.25 

gm. 

Asparagin 

1.50 

gm. 

Glycerin 

60 

c.c. 


Frcpaialion of Ihe Medium . — The salts are dissolved in 500 c.c. of distilled water at: 
temperature of about 80° C. The glycerin is added last and the mixture is sterilized in lb 
autoclave at 10 pounds pressure for twenty minutes. This is the stock synthetic folnti’'i 
To every 50 c.c. of synthetic stock used, 4.4 c.c. of a 1.0 per cent laemoid (this is niadctr 
in a 50 per cent alcoholic solution) solution is then added; 163 c.c. of whole egg mass is adh'!, 
making a proportion of synthetic dye egg mixture of 1:3 and the final concentration (. 
laemoid 1:5,000. This mixture is filtered through sterile gauze and the filtrate adjusted win. 
N/1 hydrochloric acid, preferably with the aid of a potentiometer, to pH 6.0. The filtrst^ 
must be shaken thoroughly while adding the acid. It is now placed in tubes and inspissal'’- 
for one and a half hours at 85° C. on two successive days. (The pH of the medium aft-. 
inspissation becomes 6.2.) The medium may turn yellow on inspissation, especially in Ih 
deeper portions. This change in color is temporary, for on cooling, the medium assumes it" 
original blue color. 


It has been the desire of most originators of media for the cultivation and isdati'^- 
of tubercle bacilli to add a dye bacteriostatic for all microorganisms other than the tuherw 
bacillus. It has been the authors ’ experience tliat practically all dyes incorporated in me. 
to prevent the growth of secondary microorganisms have some inhibitory effect upon 
growth of the tubercle bacillus. This inhibition is most pronounced when there arc hut tw 
tubercle bacilli present in the material to be cultured. 

It has also been observed that the digestion of the specimen is the most imports^ 
factor in obtaining uncontaminated cultures. Careful digestion means vigorous shakin, 
the specimen with the proper concentration of sodium hydroxide or sulfuric acid un i ‘ 
homogeneous and quite fluid, then incubation for one hour at 37.5° C. 

It may be necessary to shake some specimens occasionally during this period of m u 


tion to insure breaking up of clumps and allowing the digestion fluid to penetrate 


all oftb 


material. Whatever time is spent in the preparation of the specimen for culture 
compensated for in the number of uncontaminated cultures obtained, regardless o 
incorporated in the medium. 


,r Jl, 

STEEPTOCOCCI, Hemolytic, Precipitin Test Applied to Melbourne, Butler, H. 

.T. Austr.alia 11: 501, 1938. 

The results are reported of an examination of 113 strains of hemolytie 
isolated in Melbourne from human sources. Both group precipitin and I)iociion!ic.‘i! 
were studied. ,,^5 

With Lancefield technique for the group precipitin test 23 strains could not 1^ 
with certainty to any one group, since 7 failed to react with any of the group 
gave pronounced cross reactions. When formamide extracts were prepared from ' 
according to the method of Fuller, all but one could bo allotted to one or ot 
group. It had been noted, however, when the Lancefiold tests were being carri^ 
most of those strains of hydrochloric acid extracts which reacted with group 

.in.I ntcA Wltli nnp nr mnrn nf flip ntlipr spm ditTprnd from tllC strains which ha _ ___ 


the group A serum alone, in that they grew on 40 per cent ox bile 


blood .agar 


that in the primary cultures on blood agar plates the colony form was di cr 


Fort: 
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llie&c strains wtic not n'^socuted nith ‘sij.ns of *>111008 infr tion In tins paper those 

strains which belonged to group A, according to the fornnmwle methol but \s!iich gave cross 
reactions with Lanccficld’s method, and nhicU m addition utre a(^plcal either as regards 
tolerance for bile or colon) form, Jiaac been referred to a*? at}picil meinbcrs of group A 

Of the 113 strain^, 70 uere tj^pical members of group A, Ij uero ch'^'^ed as atj-pical 
group A strains, 10 belonged to group B ^ to group C, and S to group G one failed to react 
with an) of the four groups of antj«era u*ed 

Although the nnjoritj of strain*! n‘isoeiated with <c<'eic infections were t\’p»cal members 
of group A, a group B and a group C »5tram respectiiclj were the onlj organisms cultivated 
from the blood of tno patients who were graieh ill Of 40 ^trains a's'sociated with severe 
infections, 42 were t^Tucal members of group V of 37 strain** from patients witli moderateU 
severe infection”, 24 were tjpieal member'; of group \ while 30 mild eases }ielded onl) four 
<;uch strains 

The clinical condition of the pitienti with puerperal ftvei cultures from who'!C vaginal 
swabbings vieldcd atj^pical group A streptococci difttred from that of the patients infected 
po«t partum with tjpical group V strain-; 

SILICOSIS, Study of, Mata, P B Am J HI Sc 196 54^, 193S 

Silico<5is is the chief occupational disease in this countrj The cenousness of -sihco-’is 
is due to the f let that it is conducive to the inception of pulmonarj tuberculosis Tuberculous 
sihcotics arc a source of danger to their fellow workers as well as to members of their 
families, because of the ca*;o with which tuberculous infection is transmitted The disease 
results in a great economic loss to <!OCJet) 

A stud) of the clas”ific ition of silicotic disea-e in a group of 1137 veterans showed 
that 30 per cent wore classified as fir«t, second, or third degree bdicosis, II per cent were 
t isos of silicosis vutU nontuberculous infection 42 per tent nero cases of sihcosis with 
tuberculosis, 10 per cent were cla*;”ificd as sihco tuberculo-^is, and 1 ca®c vvas diagnosed as 
asbestosis 

Tlie various siliceous occupations att differentlv in causing silicosis The differences 
are duo to a number of factors, ”uch as the bdica content of the dust, the ”ize of the silica 
pulicle”, the variation in the time of exposure the presence of organic or non^ihceous dusts 
mixed with siUca, and the probabihtj of the exiotenre of an individual su'sceptibihtv 

In the group of cases studied, it w is found tint the most frequent complications and 
coexisting dneT'CS were pulmonarv tubcrculosn, cardiovascular dnease, empli)«eraa, pul 
monarv infection^, bronchiect isis, clironic pleum), and dental disea-'C” 

In a stud) of tlic ch«”ification of the 97 cases of siJico'^is complicated bv tuberculosis, 
It was found that 10 11 per cent the tuberculous di‘>ca«e was classified as incipient, in 
32 per cent xt was nioderatelj advanced, and in 57 per cent far advanced 

Tho cardiQva'^euIar s)ste[U maj show evidence of disease silicosis The abnormal 
cardiac changes are characterized bv a progressive dilatation and hj-pertrophy duo to 0 
struction of the pulraonarj circulation, the result of extensive fibrosis of tlie lungs Of I-O 
Inuig «!ihcoties, 50 (417 per cent) gave cvidtnco of di«ea^o of the heart or blood vessels, 
of this number 2S showed tho presence of cardiac hjpertrophj, dilatation, or a combination 
of tlic two cardiac conditions, 10 ghowed the pie^enee of iibro«»is of the myocardium, and 
21 gave evidence of arteriosclerosis Of 24 deceased aiiicotics on whom no post mortem exam 
inition was done, 13 showed the pre«;ence of cardiovascular disease, of which number G were 
cises of cardiac dilatation, or a combination of hvpertroph) and cardne dilatation In a senes 
of 21 autopsies on sihcotic subjects, reported elsewhere by the writer, hypertrophy or dilatation 
of the heart or a combination of the two conditions was found in IS instances These cardiac 
conditions were found m the early as well as m the advanced stages of sibto is, also in 

silico till erculosis 

tuberculosis « tl.e pr.nc.p-rl compUcf.nK mfect.ou m sil.cos.s, otber rufect.ons 
such „s pueumonn, luug -ibsccs.. ond brouch.ectn.is, arc ftequeuth encountercii Upper nua 
loacr pulmonar) tract lufcctioas were found m SO (34 per cent) of the group of 10, s.bcot.cs, 


448 


THE JOURNAL OP LABORATORY AND CLINICAL HEDICINE 


there were 39 cases of clironic bronchitis, 11 cases of broncliiectasis, and 6 cases of cluoai! 
pharyngitis. Chronic pleurisy was present in 66 (40 per cent) of the number; this coiditica 
is ordinarilj- not found in uncomplicated silicosis, but in silicosis with a complicating infEdia 


LEUKOCYTES, The Phagocytic Activity of Human, With Special Keference to Their Type 
and Maturity, Hertzog, A. J. Am. J. Path. 14: 595, 1938. 

Tile pliagocytic activity of the leucocytes from 17 cases of leucemia, 3 cases of infcEtiou 
mononucleosis, 4 cases of Ijnnphocytosis, and 2 cases of eosinophilia were iuvestigifel 
Staphylococci and streptococci were used as test particles. 

Tile mature polymorphonuclear neutrophiles .showed the greatest amount of piiafo- 
cj’tosis both as to the number of bacteria ingested per cell and as to the percentage of ceil- 
engulfing bacteria. The monocytes, eosinophiles, and metamyelocytes were also actively 
phagocytic. 

The phagocytic activity of tlie myelocytes, promyelocytes, leucoblasts, and niyelohlad! 
appears to be directly proportional to tlie maturity of the cell as there was a marked dewea^ 
in phagocytosis in tlie more immature forms. An exception was found in tlie liistoid stem cell 
and histoid monoblast of leucemic reticulo-endotheliosis, as tliese immature cells showed ffl 
unusual degree of phagocytosis. , 

Phagocytosis was observed in a small per cent of mature lymphocytes. The degree Cj 
phagocytosis increased as the cell grew larger, with a corresponding increase in cyfopla'H' 
The leucocytoid lymphocyte of infectious mononucleosis showed the great phagocytic 
Hence, lymphocytes in their prephagocytic stage may occasionally show phagocytosis i® 
experimental conditions. 


PNEUMONIA, Recent Studies on Experimental Lobar, Robertson, 0. H. J. A. JI. -A 
1432, 1938. 

By implanting pneumococci suspended in a starch-broth paste into the 
sacs, it has been possible to produce in the dog a lobar pneumonia which closely re-s® 
that which occurs in the human being. 

The pneumococci are dispersed from the locus of implantation prineipallj hf ^ 
fluid of the early^ lesion, which spreads peripherally through the contiguous air pa.sagc 
the pores of Cohn. _ _ 

The evolution of the inflammatory lesion of the canine disease is essentia y 
as that observed in human lobar pneumonia. jE-ioss 

At the time of recovery a striking histologic change occurs in the (Jjjeo 

of both man and the dog. This consists in the transformation of certain of the j(fE(,jivel.v 
cells into free macrophages which engulf and destroy the pneumococci much more 
than do the polymorphonuclear leucocytes. The macrophages are dependent on op 
their antipneumococcic activity. 

The mechanism of recovery appears to be of dual nature, consisting oi “ 
process, which acts to localize the infection and prevent or control bacterieniia,^^^^ 
process, the macrophage reaction, whereby the lung is enabled to rid itself of 
microorganisms. If both processes arc effective, recovery results. If either one 

ensues. _ suh-el"®* 

One attack of experimental pneumonia confers an increased resistance^ i“ 


for 


■alizfd 


infection which lasts for many months. The basis of such immunity' seems 
greatly accelerated macrophage reaction characterizing the recurrent lesions. 


to rest 


^ ^ ^ f 1 in 

After recovery a high degree of local immunity can be demonstrate 


■olvd 


the SOW'' ; 


loco-' 


lobes; it persists only as long as the macrophages are present in the abeo i. 
duration of the local immunity is gi-eatly prolonged by repeated infection m - 
Under such circumstances a residual mobilization of macrophages is obsei 
of the lung. 
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PERFORATED PEPTIC LLCER’' 


Its Difflrentiatiov Prom Acute Pancreatitis b\ Blood Diastase 
Determination 


J Gr Probstein, J[ D , P A WiicELCR 41 D i\D S II Gba\,jMD 
St Louts Mo 


'T’HE (liffeieutial diagnosis oC acute disoidcib of the nppei abclomeu fiecivientlj 
piesents clinical piolilems of the ntniost poiplcNiti The similaiits in the 
chmeal details winch reqitiie exalnation lendeis accniate and sometimes even 
piesuinptiselj actiiiate diagnosis, diffitult Am laboiaton aid winch might 
help 111 these cases should he a welcome supplement to the clinical ondgment 
of the surgeon 

The use of blood and nniiaij diastase di teiminatioub in the diffeicntial 
diagnosis of acute uppei ahdoTninal disoideis has lacked the widespiead titili 
zation which it deseiies The neglect of this test, which we considei to be of 
great woitli, can piobablj he attiihuted to inaccuiacies and lahoiiousness of 
the analytical methods, making the clinical application of the test at times 
impractical The piesenee of a staicli splitting cure me in the blood and urine 
has been known foi mam jeais All of the anahtical methods weie able to 
show the iclaticelj eiioimoiis mcieases in the blood and uiiuaic diastases 
alwacs associated with acute pancieatic disoideis It is the small incieascs 
in diastase tallies and the subiioiiiial tallies which hate been difficult to detect 
b} the usual methods 

Most imestigatois hate adopted the staich sugar leduction method of 
qiiantitatne diastase estimation Ccitani disci epancies in the method hate 
been detected bt Somogti,' and he has detised a method of determination, 

„ ‘From the Ltboratorj of the JetMsli Hospital ant the Snodgrass Laborttort City Hospital 
St Louis 

This woik 'ildetl bj the Florence C anl Dx\id Ma^ Fund 
Ilccel\cd for publication June 2 1938 
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substituting starch paste foi- soluble starch, ivhich is remarkable for its sim- 
plicity and rapidity of performance, and whicli, after checking and reclieekiiig 
thousands of blood and uidnaiy determinations, has been found to give aecn- 
rate and reproducible results. Normal blood diastase values obtained br tliis 
method range betiveen SO and 150, meaning that 1,000 c.c. of blood plasma 
incubated with starch paste for thirty minutes under standard conditions pro- 
duce reducing substances that reduce as much copper as 80 to 150 mg. of 
glucose. 

Using this method, careful statistics are being compiled in conjunction 
with several thousand eases of all tj^pes at the Jewish and City Hospitals in 
an endeavor to appl}' the results clinically. It can be stated that we have 
found the diastase test of great value in the differential diagnosis of upper 
abdominal affections. 

In a recently published report,- we confirm the importance of the elevation 
of diastase values obtained in eases of acute upper abdominal pain presuinptivelr 
of pancreatic origin. Twenty-one eases of so-called "transient acute pancreatitis 
are described in which the blood diastase values at times reached 2,500. Th 
report concludes that eases of acute pancreatitis are more numerous than is 
commonly supposed, that the majority are of a transient nature and recover 
within a few days, and that the routine use of blood diastase estimations as 
an emergency diagnostic procedure will uncover eases of transient pancreatitis 
that are frequently thought to be biliary colic, perforating ulcer, acute appen- 
dicitis, coronai’y disease, etc. 

The preliminary results of a statistical analysis now being prepared reveal 
that the circulating diastase usually di'ops to a subnormal level in cases o 
impaired liver function, including cases of biliary tract disease, cirrhosis, 
primary and secondary carcinoma, malignant disease, chronic passive conges- 
tion, abscess, etc. 


Table I 


Blood Diastase in Perfopa-Ted Peptic Ulcer 


CASE 


PKEOPERATTVE 


POSTOPERATWE INVOLVEMENT 


JT OF PAXra£^ 


1 

214 

130 

2 

200 

150 

o 

600-402-150-90 

No operation 

4 

198 

5 

84 


6 

107 

73 

7 

67 

40-40-76 

s 

31 


9 

59 


10 

90 

Not determined 

11 

72 

Not determined 

12 

30 

Not determined 

13 

60 

Not determined 

14 

78 

Not determined 

15 

36 

Not determined 

10 

84 

Not determined 

17 

67 

46-40-76 


Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 



Our purpose here is to present our experience with blood diastase i 
cases of acute perforated peptic ulcer, all of which came to operation or 
mortem examination. The situation of the ulcer was thus verified in 
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From Table I it can be seen that in 4 cases of peptic nicer involving the 
pancreas, the blood diastase ivas elevated In 3 of the 4 cases (Cases 1, 2, 
and 4) the increase n-as inoclcrate, nhiie m the fourth (Case 3) it u'as qxiite 
high, coming udthin the range of figures usually encountered in acute pan- 
el eatitis. This case was incorrectly diagnosed acute pancreatitis and opera- 
tion deferred, althougli some of the plij'sicians believed it to be a case of 
peifoiated nicer. In spite of the gradual fall in the blood diastase, the patient 
rapidly became worse and died Post-mortem examination showed a perfora- 
tion of a gastric nicer contignons to the pancreas The gradual fall of blood 
diastase can probably he explained bj’ toxic involvement of the liver In 13 
eases in which the ulcer was situated auteiiorly the blood diastase values were 
uithin the normal range in 4 cases, and subnoiinal in 9 

DISCUSSION 

^teyer and Amtman^ recently reviewed the meager literature on blood and 
urinary diastase in peptic ulcers Their own 3 cases and those of the authors 
they leviewed were not aentely perfoiatmg, but genei'ally of the slowly pene- 
trating typo. Since changes iii blood diastase occui wuth great rapidity in 
acute panel eatic involvement, it is difficult to sec how' the relatively slow’ 
changes taking place in a gradual peifoiation can effect a constant elevation 
of the diastase le'vel "Wc aie now stnd>ing a gioup of cases of cliionic ulcer 
With the idea of eorielatuig the diastase le%els with the clinical condition of 
the patients, and possibly with the site of the lesion It is conceivable that 
a sudden but small progression of the perforation could be manifested by a 
sudden rise in the diastase lc\el, while a w’alling-off of the perforation w'ould 
result in a rapid reversion to the previous level Such being the case, the 
inconclusive results leportecl in the Meyer and Amtman leMcw aie readily 
understood. 

The cases w'e are presenting — and w'c aie dealing here with ulcers already 
perforated — seem to indicate that the perforation of a peptic nicer posteriorly 
into or near the pancreas causes sufficient pancreatic damage to result in a 
moderate elevation of the blood diastase lei el In those cases perforating 
away from the pancreas the diastase Icicl is subnormal or at the lowei limits 
of normal The anteiior siiiface is the most frequent site of perfoiation 
According to Walton,^ most anthois state that about 90 pei cent of peiforated 
nlcers are located on the anteiior surface In 59 of his oivn cases only one 
perforated posteriorly Thompson,® in a series of 500 cases, noted 69 0 per 
Cent anteiior peifoiations, 27 6 per cent perfoiations elsewhere, and 3 4 per 
cent perforations no site leeovded Hence the loiitme utilization of blood 
diastase determinations in all cases of acute upper abdominal disordeis w’ould 
Seem to aid not only in the differentiation fiom and lecogiutioii of eases of 
acute pancreatitis, but also in helping to locate the site of perfoiation of a 
peptic nicer if such a lesion exists Thus, given a case of sudden, shaip, upper 
abdominal pain and clinical signs suggesthe of acute upper abdominal pathol- 
ogy, a low or subnormal diastase level during the lieight of the attack tends 
to rule out as the cause either acute panel eatitis oi an acute perforation into 
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the pancreas ; a moderately elevated diastase tends to indicate paucreatie in- 
volvement from a perforated ulcer ; a veiy high diastase is indicative of acule 
pancreatitis. 

Case 3 offered distmct difficulties. It is true that the initial diastase vak 
of 600 is considered to be within the range of figures generally associated irill: 
acute pancreatitis. The suggesth'e ulcer history in this patient and tlie clini- 
cal picture made most of the physicians who saw its course feel that it ivasa 
perforated ulcer. However, the high diastase was permitted to play too prom- 
neut a role, and the conservative treatment for acute pancreatitis was in- 
stituted. This ty^'pe of ease, however, forms a very small per cent of Ih 
perforated ulcers. 

No certainty exists as to the nature of the lesion in the pancreas wliid 
initiates the elevation of blood diastase. Experimental work on this siibpd 
has shown that the conditions which produce rapid elevation of blood diastas 
values are traumatization of the pancreas and obstruction to the paiiereatit 
duct system. Neither of these conditions was found in Case 3, whieli a! 
autopsy showed a peptic ulcer perforating onto but not into the pancreas, b 
this ease there was no demonstrable involvement of pancreatic aeinav tissufi 
although the capsule showed inflammatory changes. 

Since the changes in urinary diastase follow those in the blood witli a 
lag of several hours, ^ it is obvious that more immediate inforniation can I* 
obtained if determinations are made on blood instead of urine specimens, as 
others have advocated. This is particularly so if the ease is seen withm a 
few hours after perforation. 

Finally, it should be emphasized that the diastase estimation is a laW 
tory procedure, and in no way a substitute for careful clinical judgment, 
feel, however, that valuable aid may be given to the dift'erential diagnosis .' 
this test. 

CONCLUSION 

Blood diastase determinations are normal or subnormal in 
forated peptic ulcers, and moderately raised in posterior perforated 
near or at the pancreas. This helps to differentiate perforated ukeis 
acute pancreatitis where the diastase is v'ery high. 
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THi: USK OP URETHANE IN SYMPTOMATIC TREATMENT 
or BRONCHIAL ASTHMA'^ 


Laurlnce Farmer, M D NE^^ York, N Y 


IN' EXPERIMENTS on the pie\entioii oi aiiaplij lacta shock, Besiedlca^ found 
^ that sensitized guinea pigs, nhich iecei\ed the shocking leinjection Mhile 
inidei ethei, urethane, ethjl chloiide, oi alcohol naieosib, could fiequenth be 
sa\ed fiom fatal shock Banzliaf and Pamuleiiei- latei shoued that cliloral 
hjdiate had the same inhibiton eftett Rosenaii and Anderson*' repeated 
Besiedka^s expcumeiits nith cthei and methane naieosis, but Meie not able 
to confiim his lesults Since then the {piestion nliethei naicosis espeeialh 
ethei iidieosis, can pie\ent aiiaphj lactic shock has been \ei\ coutio\eisial, 
^arlous authois confiiming oi lefuting Besiedka’s obsel^atlons (See Quill, 
h U J A M A 109: 854, 1937 ) 

Some time ago V again took up this pioblem, and in m\ e\perimeiits 
administiation of urethane to sensitized guinea pigs piioi to the shocking lem 
jection led to the sunnal of 15 out of 30 aniinaK In tlie contiol eKpeiiments 
Old} 4 out of 25 guinea pigs surM\ed Althougli ethei inhalation led to the 
surM^al of a gieatei numbei of animals than in the contiols, the results uere 
not as clear cut as -with methane 

Besiedka suggested that the site of the fatal antigen antibodj leaction 
IS in the cells of the central iiciious system, and he explained the proteetne 
effect of naicotics bj the assumption that thej “allowed the ner\e cell to 
remain indiffeient to the union"' of the antigen and antibodj This explana 
tion IS distinctly at vaiiance mth oiu piesent conception that the cause of 
death of guinea pigs succumbing to acute anapb} lactic shock is asplnxia 
brought about b} tetanic conti action of the bionchial muscles 

In in vitio expeiiments F uas able to show that methane inhibits the 
usual contiaetiou of sensitized plain muscle (uterine stiip) mIucIi follows 
contact of the muscle uith the antigen This phenomenon ma\ explain the 
role urethane plajs in the pieiention of fatal anapln lactic shock the tetanic 
contiaction of the bronchial musculatmc, iihich leads to asphj \ia, is inhibited 
1^5 the narcotic 

Ethyl methane (C^H 0 CO NHo) nas iiitioduced as a soporific bj Sclimie 
deberg"^ ni 188G Ho^\e^el, its soporific action is “Mcak and inconsistent” 
(Cushnj®), and as a lijpnotic it has been almost entuely replaced b\ the 
barbiturates It foims colorless, odorless cl^stals mIiicIi aie easily soluble in 
uater It is gnen in doses of 1 fo 3 gm (Eispeiisatorj of the U S A , 1 

•From the Allergy Clinic Lenox Hill Hospital New lork 
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to 4 gm., Sollmann®). The Dispensatory (Centennial, ed. 22) states that 
“in therapeutic doses it has no perceptible effect upon the respiration o: 
circulation. ” 

I haA'e used ethyl urethane symptomatically as an antispasmodic in 30 
cases of bronchial asthma during the last eighteen months. It was admin- 
ministered orally to adults in doses of 1 to 2 gm. (dissolved in water before 
administration). Not more than 4 gm. per daj^ ivere given, and it was not 
used longer than four to five daj^s in succession. No untoward effects nor 
any narcotic action ivere observed in any of the patients. In 14 of the 30 
cases the alleviating action, -which sets in after fifteen to thirty minutes anl 
lasts several hours, -was very satisfactoiy. Some of the benefited patients 
suffered from seA^ere asthmatic attacks. It is adAusable to give urethane before 
full development of an attack, and in some instances to use 1.0 gm. three 
times daily OA^er a period of three to four days. 

SUMMARY 

1. Li A'iA'o and in vitro exiieriments in sensitized guinea pigs suggesteO 
the use of ethyl urethane in the symptomatic treatment of bronchial asthma- 

2. Tavo to 4 gm. ethyl urethane per day Avere administered orally in 30 
cases of bronchial asthma. The faA'orable symptomatic action of this drug 
in 14 of these cases Avarrants further clinical trials. 
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COEXISTENCE OP DIABETES MELLITUS AND DIABETES INSIPIDUS* 


Report or a Case With Preonancy 


Jajies a. Greene, J^LD., and R B Gibson, PhD, Iowa City, Iowa 


T^IABETES niellitiis and diabetes insipjdus rarely eoeiist in tlie same patient. 

A review of tbe literature reveals that only 20 cases liave been reported.^ 
In some of tliese cases tlie diagnosis of diabetes insipidus was not established 
according to tlie present standards ; in others, the existence of diabetes mellitus 
may be (luestioned. Additional cases of diabetes insipidus described m the 
literature have had a transient glycosuria or a historj'- of glycosuria It is 
difficult, therefore, to estimate the number of reported cases which actually 
had both diseases. 

Recent observations associating diabetes insipidus with lesions of the poste- 
rior hypophysis, 2 and diabetes mellitus with dysfunction of the anterior lobe 
of the pituitary, 3 have aroused added interest in the cases in wdnch these two 
maladies coexist. 

In the presence of diabetes mellitus the incidence of pregnancy is reduced, 
and, according to Soule, ^ only 37 instances of prcgnancj occurring in patients 
with diabetes insipidus have been recorded in the literature We have been 
unable to find a report of pregnancy occurring in a case of coexisting diabetes 
insipidus and diabetes mellitus It is for these reasons that we are reporting 
a case of coexisting diabetes mellitus and diabetes insipidus in which preg- 
nancy developed. 

CASE REPORT 

A Tvoman, aged 25 >eftrs entered tUc Universitj for tlie first time in 

Maj, 39,^1, complaining of pobtiipsm, pohplmgia, pob-una, fatigabihtv, and loss of body 
weight. Slie nas found to lm%e diabetes mellitus nith gJveosuna (graded 4 plus), and a 
blood sugar of 510 mg. per cent The diabetes was controlled witii a diet which had a 
potential >ioId of 109 gm of gUicove, and 29 units of insulin daih The daily urinary %ol 
ume varied from 2.5 to 3 8 liters, and the specific gravity of the agl 3 <osurjc urine fluctuated 
from 1 004 to l.OlO. Her second admission was in May, 1933, for stomatitis and diabetes 
mellitus She stated that for tbe past five years the menses had occurred only one time each 
year, were scanty, lasted for only a few hours, and were followed for three days inth head 
aUie, backache, nausea, and lomiting Pregnancy had not de% eloped, although contracep 
tives bad not been employed. A glycosuria (graded 4 plus) was present, and the blood 
sugar was 500 mg. per cent The glycosuria ceased when the abo\e diet and 42 units of 
insulin were administered daily. The armary volumes varied from 2 5 to 3.3 liters per 
twenty-four hours, and the specific gravity of aglycosuric urine was from 1 004 to 1 010 
Her third admission was February 25, 303G, for pregnancy. The diabetes mellitus had been 
neglected for several days and diabetic coma developed soon after admission The glycosuria 
disappeared with a diet winch had a potential yield of 153 gm of glucose, and daily msulm 
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dosage of 70 units. The daily aglycosurie urine volumes varied from C.9 to 8.7 liters, a! 
the specific gravity fluctuated from 1.002 to 1.004. The twenty-four-hour fluid intake 
limited to 1.5 liters for three days, and during the last day she excreted only 2,2 lifers d 
urine, hut the specific gravity did not increase above 1.005. Thirst became so e.xtreme tbt 
the fluid intake had to be increased. Following daily nasal insufflation of dried posteri»r 
pituitary gland, the twenty-four-hour urine volume decreased from 8 liters to 4 liters, l;t 
the urinary specific gravity was not altered. The administration of posterior pitnitai; 
extract parenterally upon two occasions reduced the daily urine volume to 1.8 liters am! ii 
creased the specific gravity to 1.012. The pi-egnancy terminated at full term with a loie! 
labor, but the normally developed male infant died two days later from cerebral hemorrhajj. 

The patient’s fourth admission w'as October 20, 103C, for sterilization. The diahls 
mellitus had been controlled with a diet which had a potential yield of 172 gm. of glm’W. 
and 55 units of insulin daily. Tire polyuria and polydipsia of the diabetes insipidas tsi 
been controlled witli nasal insufflation of dried posterior pituitary gland. The daily orii' 
volume varied from 1.7 to 2.8 liter.s, and the specific gravity of aglycosurie urine fluetoitfi 
from 1.004 to 1.012. 


COMMENT 


Diabetes iiiellitiis and diabetes insipidus may coexist more frequently Ilian 
is recognized. In a ease of known diabetes insipidus, glycosuria is very likelF 
to be discovered, but a persistent polyuria and a low urinary specific grahlv 
are apt to be overlooked if they occur in a patient with diabetes inellitn'- 
The presence of diabetes insipidus was not recognized in our case until tte 
third admission to the hospital, and it was overlooked in the ease reported 
by Gibson, Magers, and Dulaney^^ until the fourth admission. 

The presence of diabetes mellitus materially decreases the chance of pife 
nancy pursuing a normal course. In diabetes insipidus 2n‘ematui’e labor i 
frequeiiD and may be induced also by' tbe therapeutic use of extracts J 
posterior hypophysis. Gestation continued in our patient to full term, 
insufflation of dried posterior pituitary gland diminished the polyuna an 
poly'dipsia, but did not produce painful uterine contractions. The 
istration of posterior pituitary extract parenterally' jirodnced labor pams, 
did not induce labor. "Whereas, labor was induced by' the second 
The extracts of tbe yiosterior hy'pophy'sis were administered pareiifera .' 
ascertain tbe effect upon the specific gravity' of the urine and to induce a^^^^ 
The latter is a common procedure in tbe obstetrical department of this los^^ 

The internal secretion of the posterior liy'yiophy'sis has been 
a link in the cliain of hormonal control of uterine contractility. 
however, after a review of the published data, opposes this 
thermore, abnormal labor lias not been an outstanding feature in the pi^c' 
of cases of diabetes insipidus. The labor in our case was normal 


Diabetes mellitus or diabetes insipidus may' develop with pi'eguf'’ • 


r. or 
were a?" 


if present previously, they may' become more severe. Both maladies 
gravated during pregnancy in our patient. j; 

In instances of disturbed carbohydrate metabolism in man, a me 
not available by' Avliicli the frequency' of dy'sfunction of tbe anterioi 
can be ascertained. It has been Giought for some time that the same 
factors were not present in all cases of diabetes mellitus. Dysfu”® * ^ 
anterior hypophysis may be the primary etiology in certain ms 
according to the present concept, there is a hy'persecretion m 
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H^perpl^lSla ot the autenoi lobe -with atiopJi> ot tlie posteiioi lobe of the 
pituitarj gland is possible in cases of coexisting diabetes insipidus and dia 
betes iiielUtus In oui case, lioneici, the loentgenogiains ot the sella fiucica 
and studies of the Msii.il fields le^ealed no eiKlence ot enlaigeinent of the 
pitnitan 

SUMMAn\ 

The coexistence of diabetes insipidus and diabetes mellitns laielj occurs, 
but ina> bo moie common than lecognized if the possibibtv of diabetes lu 
sipidus IS consideied iii cases of diabetes mcUitus The occmrence of pieg 
nauc\ in a case of coexisting diabetes insipidus and diabetes mellitns is re 
ported foi the fiist time 

The lelatioiiship of the tno maladies to each otbei and to piegnano\ is 
discussed 
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THE EFFECT OP SIMULTANEOUS MULTIPLE INJECTIONS OP 
INSULIN ON THE BLOOD SUGAE« 


Edward Tolstoi, B.A., M.D., and Janeth Ravner, M.D. 
New York, N. Y. 


T he speed and duration of action of an insulin preparation is proportimal 
to the rate at which it is absorbed from the injected site. If tlie absorption 
is rapid, the pharmacologic effect is reflected quickly by the precipitous fall 
in the blood sugar; if, on the other hand, the absorption is slow, tlie blood 
sugar will drop at a slower rate, and at the same time the duration of action 
will be prolonged. Furthermore, the rate at which an insulin preparation 
will be absorbed is dependent upon its relatii^e solubility either before or after 
it is injected. Regular insulin is au example of a rapidly acting preparation, 
while protamine insulin is a preparation rvhich acts slowly and over a longer 
period of time. 

Until Hagedorn’s introduction of protamine insulin into the treatment of 
diabetes mellitus in 1936 , there was little or no occasion for much deviation 
from the established technique in the administration of insulin. This iras 
usuall}’ given in one, tivo, three or more doses, trvent}’’ to forty minutes before 
meals, depending of course on the severity of the diabetes, the liberabtj a 
the diet, and complications. At no time were two subcutaneous injections 
administered simultaneousljL As the knowdedge concerning protamme 
snlin increased because of the extensive clinical use of the product, it i 
demonstrated that in a considerable group) of diabetic patients, the gheosu 
and hyperglycemia could be best controlled by means of two siniii nn 
insulin injections — protamine insulin into one site and regular into ano 
This procedure introduced another variable, namelj^ vdiether insulin my 
into tivo or more sites acts more swiftly than when the same 
administered into a single area. The answer to this question may ° 
tical vmlue as the mnltipile method of tlierapy is used rather extensive 
clinical practice. The idea that a difference in the rate of 


effectiveness of 


Itffas 

Blaffl. 


insulin due to one or several sites of injection has occurred to others, 
discussed in connection with the use of protamine insulin by Spra^^^i 
Ostei’berg, Keppler, and Wilder.^ They^ stated that there was no d‘ 
the rapidity' of action of the injected insulin whether given into one or 
sites. They^ ivere careful to state, however, that their observation 
fined to a single case. At the time of their publication our expeiim 
in progress and both because of hypothetical considerations and ea‘ ^ 
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results ueic not in Ivecpnig; ■with then coiichisions we decided to puisne the 
problem fiathei It seemed to ijs that inoie ni&uJin — soluble oi insoluble — 
should be absoibed fiom multiple aieas than fioin a single one and conse 
quentlj that inoic sugai should disappeai liom tlie blood in tlie instances 
where multiple iigections had been gneii The following expeiiinents weie 
conducted in connection with this pioblein 

File dogs were depaneicatized A peiiod of ten to foiuteen dajs was 
then peimitted foi icco\eij fioni the opeiation During this coinalescent 
period blood sngai deteiininations and niimljscs weie made to establish the 
diagnosis of diabetes meUitus Thiee of the animals zciealed a pionoiuiced 
fasting hj peiglj eemia, and with these animals a total of si\ e\peiiments were 
done In the remaining two depancieatized dogs, the fasting blood siigais 
were within normal limits, but the animals did show a postpiandial gljcosvuia 
as well as an abuoiinal blood sugar cinie aftei a glucose toleiance test This 
cur\e was of a eonfiguiatiou accepted as dnbetie With these two animals 
three expeiiinents weie pcifoimed The diet was of no paiticular importance 
as it 1 elated to the e\peiiments Watei was gnen ad libitum Befoie com 
mencing oui studies with insulin, blood sugai deteimmations were done at 

Table I 
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n = Protamine insulin 
R = Aqueous soluble insulin 
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tM'O-liour intervals on one animal in eaeli group. This served as a control .1111 
demonstrated that there ivas no constant diminution of the sugar eoncenfra 
tion in the blood ivhen no insulin ivas given. After the controls ivere estab- 
lished, we proceeded as follows: Insulin was withheld from all tlie aiiiiDaL 
for at least a four-day period. Then on the day of the experiment tlie fastiii’ 
blood sugar level was established and a single dose of insulin — either regular 
or protamine — was given hypodermically. After the administration of in 
sulin, the blood sugar level was determined at two-hour periods. Two or tliref 
days later a similar dose of insulin was divided into three portions and giwn 
to the same animal into three different sites, the blood sugar determination' 
being carried out at the same time intervals as in the former experiment. Tlif 
blood was obtained from the femoral artery and prevented from clotting bi tlif 
use of potassium oxalate, approximately 2 mg. per e.e., and the Folin aiidlla 
method was employed for the blood sugar analyses which were done as soon d' 
the blood was drawn so that the question of a glycolysis might not enter inif 
the evaluation of the data. The results are presented in the tables 
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P = Piotamme insulin 
R = Aqueous soluble insulin. 


The data presented in Table I show that in most of the 
percentile loss of glucose from the blood is much greater when insulin, r r 
or protamine, is given into multiple sites. This is particularly jf 

presence of a definite hyperglycemia at the beginning of the expem 
however, the experiments were done at times when the blood 
mal, the results were not quite as striking nor as consistent. In 
group one experiment was done in which regular insulin was ,1,5( 

similar exiieriments were done with jirotamiue insulin. Table II 
in only one of the three experiments was the loss of blood 
when the insulin was given into three sites. The explanation foi 
ence in results inaj^ be given by the hj'pothesis that with a norma 
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the legulatoo lactois aie piobablj called into pla-s, thus maintaining such a 
biologic constant as the blood sugai nithm ceitain definite limits This gioup 
of expeiimeiits is onlj of academic interest as ni pnctice insulin is not often 
used nhen tlie blood sugai is iioimnl Oiii lesults hone\ti in the hjpei 
glicemit expeiimeiits nia\ pio\e ot ^alue in clinical piactice and fuithei 
iiioie, nici} account foi the unexpected leactions in instances nheie the mill 
tiple technir]ue of in 3 ection is emplo\ed 

MM \r\ 

Fne diabetic (depancieatiml) dogs weie used as expeumental subjects to 
deteimine how a smuhn (juantit\ of msiilni administered into one oi three 
areas, uoiild influence the blood sugar cui\e In the hj perglj cemic animals 
the blood sugais fell moie lapidh when a gnen quantiti of insulin was ad 
ministered into thice sites than when a similai amount was given into one aiea 

ItLFERLNCES 

1 Spraj,ue, It G , Blum, B B , Osterborg \ E Kcppter E J and Wilder R St Chn 

icnl Ob'^ervations With In«ulin Protamine Compounds JAMA 106 1701, 

1936 
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A COJIPARATIVE STl DY OF MEDIA EMPLOYED IN THE ISOLATION 
OF TYPHOID BACILLI PROM FECES AND URINES** 


Cora B Gun phlr M S and Louis Tuft, M D Philadelphia, Pa 


A PERFECT medium tor the isolation of tvphoid bacilli fioin feces and 
mines is one winch will allow the tvphoid oiganisins to giow luxniianth 
and entirelj inhibit the coli aerobactei gioup Moieovei, it should be easj 
to lead, easilj piepaied stable and umfoim, so that it will give consistent 
results in the hands of most woikeis Such an ideal medium has not vet been 
produced In an attempt to devise this pcifect medium, a fascinating and 
coloiful arrav of eiiiichmeiit and plating media has been tiied and liighlj 
recommended bj then oiiginators 

A glance at the list of media advised bj the bettei known laboiatoij 
manuals and textbooks shows that there is ample choice The eiglith edition 
of “Stitt”^ lists seven media, while the 1927 edition of Fold’s- Bade} lologij 
mentions tw elv e media foi the isolation of intestinal pathogens The new er 
editions of textbooks geiieially limit then lecommendations to a few of the 
most widelj used oi to the newer ones which liave pioved supeiioi to maiiv 
of the older ones Kolmei and Boeiiiei (1937)® list onh thiee of the newer 
media selenite P emichment, LeifsoiUs desoxj cliolate citrate, and Wilson 
Blair’s bismuth sulfite Enissei and Biviie Jones'* suggest Enilo, Kniniweitle’s 

•rroni tie ftnnsjhania State Health Laboritoi Ie*« Phila Iclphi'i 

Read before Eastern Chapter of the Society of \merlcan Bacteriologists Vprll 28 1938 
Recehetl for publication June 11 1938 
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brilliant gi'een, and eosin-metliylene blue as the three most serviceable. Tliese 
three media, together with MacConkey's bile salt medium and Teague’s 30 
per cent glycerin enrichment, are peidiaps the most widely used. 

All of the various media in use take advantage of some cultural or biologic 
characteristic of the typhoid bacillus to differentiate it from the other gran- 
negative intestinal rods. A closer scrutiny of these differential media shows 
that they can be divided roughly into two groups (1) differential only and 
(2) differential and inhibitive. 

Many media belonging in the first group, the differential group, base their 
usefulness on lactose fermentation with a suitable indicator, such as litmus, 
bromthymol blue, etc. A change of indicator is often sufficient rea.son for 
launching a new medium. Endo, lactose litmus agar, and eosin-nietbylene bine 
media fall into this group. Many of the lactose media have no inhibiting 
substance against the coli-aerobacter group. Under these conditions, the cob 
group has the advantage. Wilson'^ states the case very aptly when he says: 
“With media depending for the differentiation between colonies of B. typhosis 
and B. coli on the presence of lactose, the dice are loaded against B. typhosns, 
since an extra supply of energy in a utilizable form is being supplied to the 
B. coli.” 

The second group of media, besides being differential, is also selective or 
inhibitive, i.e., these media contain some agent such as brilliant green orhilf 
salts which inhibits the coli-aerobacter group. The disadvantage of these 
highly selective media is that they must be veiy carefully balanced in order 
to inhibit the proper organism. This difficulty, however, can be overcome- 
Within the past few years a number of highly selective media have be® 
developed which have given very encouraging results in the hands of fheif 
originators. 

With these points in mind, we decided to test the claims of several of the 
newer media by comparing them with the older and more familiar ones. 
newer media used in this study are ; Leifson ’s selenite F enrichment, deso.v.v- 
eholate plating media, and Wilson-Blair ’s bismuth sulfite plating medium. 

In 1935® and 1936J Leifson described a combination of selenite ^ 
meiit and desoxycholate citrate plating media.^’’ The selenite P euriclimeo 
medium contains 0.4 per cent sodium acid selenite, lactose, and sodium P 
phate. This concentration of the selenite salt favors the growth of t)P>‘>_^^ 
and paratyphoid bacilli and inhibits the coli group. Leifson claims tlmj^^^ 
some cases, the typhoid bacilli multiply a million times. A 10-20 
emulsion of feces is made and incubated twmnty-four hours at 37° C- 
streaking on desoxycholate citrate or other plating medium. 

Leifson 's desoxycholate citrate medium contains sodium desox) 
lactose, ferric sodium citrate, and sodium citrate with neutral 
The medium is pale reddish yellow before inoculation. The 
appears yellow while the coli-aerobacter group turns dark pink or 
to the precipitation of desoxycholie acid. The citrate, however, inhi 
of the coli group. Undiluted feces can be streaked directly on the m 


the incubation period being twenty-four hours. 

'These media have been purchased by us from the Baltimore Biological Co. 
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The Wilson Blaii bismuth sulfite medium is not a new medium in point 
of time, but rathei in point of use Wilson® published the first work on it in 
1923 and since then it has gone tluough many modifications It has been 
lather uidelj used in Euiopean countries, but attiacted ^ery little attention 
111 this Gountiy until about two jeais ago when the Difco Co modified it and 
put it on the market in a dehydrated form Since then it has been gaining 
111 populaiitj Pi 101 to that time the difficulty of picpaiation deteired many 
laboratories fiom using it 

The Wilson Blair medium is a pale gieenisli giaj opaque medium On 
this medium, the tj'phoid bacillus pioduces a conspicuous, flat, black lustered 
colon} Mitli a smok} halo Wilson® explains the blackening of the colonies 
thus “ (1) B typhosus in the presence of a fermentable carbohjdiate is able 
to reduce sulphite to sulphide and form a black colony in the piesence of an 
iron salt (2) Bismuth sulphite in the piesence of an excess of sodium sulphite 
suppi esses most coliform bacilli Brilliant green intensifies the selective ac 
lion” The blackening of the colonies howevei leqniies a ^e^y delicate 
balance between the constituents Table I shous the constituents of the 
medium m "vaiious modifications, vith the function of each biieflj stated It 
can be seen that the Difco pioduct corresponds close!} to the Tabet^® modifi 
cation, which is moie seiisitne than Wilson’s 1933^^ foimula 


Table I 

Composition of Wilson Medium in Various Modificvtions 


CONSTITUENTS 

WILSON 

1933 

T\BET 

1938 

DIFCO 

1930 , 

FUNCTION 

iiismutli ammonium citrate 

0 0* 

00 


1 08 

Indicator of hjdrogen sulfide 

(scales) 




Bis 

production 





I muth 


Anli}(Irous sodium sulfite 

20 

1 0 


^ sulfite 

Suppression of B coh, excess 





mill 1 

inhibits 2? imratyphosus B 





cator 1 


Anlijdrous sodium pliospinte 

1 0 

0 35 


04 

Bufter excess inliibits typhoid 

(Na HPO,) 





bacillus 

Gluco«o 

10 

1 0 

1 05 1 

Supplies energy 

■berrous sulfate 

0 OS 

0 08 


0 03 1 

Counteracts inhibition of bis 






muth sulfite 

■Brilliant green 

0 005 

0 005 

1 0 0025 ; 

Suppression of B coh 


•Grams per 100 c c 


We have used the Difco medium iii oui compaiatne expeiiments and haie 
found It highly satisfactory This pioduct lemoves the objections to the use 
of Wilson’s original medium, i e , difficulty of preparation and instabiht} The 
medium is extiemely simple to prepaie Fift} two giams of the povdei is 
dissohed in 1 liter of watei, boiled foi a few minutes and pouied Plates 
are allowed to stand open until thoioughly dr} Workeis using the Wilson 
formula state that the medium is not good for moie than four oi fi^e da}s 
after its prepaiation We find that the Difeo plates kept in the icebox foi 
two weeks still pioduce chaiacteristic black colonies 

The medium is stieaked directly with undiluted feces incubated foit} 
eight hours, and lead Most of the coli gioup are inhibited The 
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bacilli produce siicli eliai-acteristic black colonies that they can easily h 
detected even if there are many other colonies on the plate. Tlie only nra- 
pathogen Avhich could be confused udth the tj'phoid bacillus is a reducing hp 
of B. coli Avhich sometimes appears on the plates. These colonies .simulate 
typhoid bacilli, but can easily be ruled out by transfer to Russell donbie-snga 
slants. Besides the blackening of the typhoid colony itself, the meclivim wultt 
the colony is blackened. If the colony is scraped off Avith a loop, a black area 
APill be found in tbe medium. Tbe typlioid colony is not the only one alnd 
can reduce the medium ; if an organism sIaoaa's a characteristic surface co!on\ 
and also reduces the medium beneath it, this is additional evidence that yen 
may be dealing Avitli a typhoid bacillus. All reducing colonies such as B. pn- 
ty-pliosus B, S. enteritidis, and reducing coli produce this blackening. Tlieoalr 
other point to be kept in mind iu reading the plates is the fact tliatif the plait 
is eroAvded Avith ty^phoid bacilli they may not all blacken, A feAV at thctf!?t 
may blacken and the rest remain green. 


Since the blackening of tbe colony depends on hydrogen sulfide produc- 
tion, a que.stion naturally arises as to Avhether all typhoid colonies hkfte 
uniformly. We have encountered only one freshly isolated strain obtained 
from a typhoid release patient, AA'hieh consistently failed to blacken and phidi 
produced a green colony. We hav'c called this a “green typhoid” for 
of any other descriptive term. Pour .subsequent specimens obtained from 
same patient sboAved exactly the same colony on each occasion. The organ 
isms obtained from these colonies correspond both culturally and serologica . 
to the typhoid bacillus. A subcultiu'e examined by Colonel Hitchens of t ir 
Army Medical Sebool Avas reported as serologically identical Avith and 
lent as the Panama carrier strain No. 58. We inquired of other Avorkei's^ ^ 
had been using Wilson medium extensiA’ely and found that none of t 'O® 
encountered similar .strains. It AAmnld appiear, tberefore, that such a 
strains, fortunately, are A'ei-y rare and Avould not militate against the " 
this medium. 


Highly selectHe media for the typhoid bacillus often liaA'e 


limited 8'f- 

and 


fulness for other enteric organisms. To find out Aidiether Lei 
Wilson's media have as Avide an application as some of the less 
AAm streaked a number of stock cultures on them. Table 11 shoAVS 
of these tests. Failure of old stock cultures of the typhoid baeilhis ^ 
on AYilson medium has been noted by other Avorkers and is attribu a 
age of the culture. We have never, hoAvever, encountered a L-es i .a^^^ 
strain that failed to groAv on the medium. In general, both media a^ 
for tjqilioid bacilli and some salmonellas. Their use for the d.ysen ^ 
is limited. None of tbe pathogenic dysentery strains groAV on grov 

Flexner strains and Schmitz bacillus are apparently the only 
consistently on the Leifson medium. The fact that most of the s 
of tbe esclieriehia-aerobacter group grcAV Avell ou both media 
that the media are favorable to these organisms. With a IveaA} 
some organisms aauII groAV. 
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Table II 


CULTUrAL ClI\RVC’lFriSTICS or Entfric Oiqanisms 


NO 

ORGANISM 

LEIFSOS S MEDIUil j 

1 

W II son’s medium 

ED 

NO 

CROW N 

DESCPimON OF COIONT 

1 NO 

crowN 

DESCRIPTION OF COTON\ 

10 

Z/ typho<<xis 

1 9 

[Clear jellow 


illat black with metallic 

13 

li dxjsentenae , FIe\ 
ner, Hiss, Sonne 

B dysenienae, metn 

1 G) 'Gnteroides, diapir 

1 dcnlc'scens 

11 

Icllow opique 

0 

luster and halo 

4 

3 

1 

'Uhiti«»h opaque 

4 

1 

'Green black variable 

5 

I» para(yp7ios«s A 

5 1 

\ ellow translucent ' 

5 1 

Green \anable 

12 1 

1 

I laratyphosut h 

12 

Yellow opaque 

12 

Moist black with luster 
and halo, at times \ar 
lable 

1 

S aertrycl.c 

1 

Y ellow 

1 

Flat green 

1 

S enteritidts 

1 

Y. ellow 

1 

Similar to Z? paraty 
pliosus B 

1 

S smpesUfc} 

1 

Y ellow 

1 

Flat green 

4 

S morganx 

4 

Y ellow 

4 

Flat green 

1 

S co2umZjfii5U 

1 

Yellowish opaque 

1 

Dark green mucoul 

4 

Z? protews 

3 

Yellowish opaque 

3 

Flat green turning blacl 

7 

E«cherichn 

7 

Pink mucoid with 
inilkj halo 

7 

\ amble color, mucoid or 
flat 

4 

Aerobacter 

3 

Pinl roucoid, without 
halo 

4 

Graj mucoid variable 


^0 then earned out a conipaiatne studj betueeii "Wilson’s medium and 
some of the otliei coniinonlj used media to detcimine then lelatne efficiency 
m actual t^phold isolation uork Material foi tins studs consisted of feces 
and urines sent h^ mail to the Pemisjhania State Laboratoij for routine 
examination foi tjphoid bacilli Thej weie taken eithei fiom food and milk 
handleis to lule out canieis, fiom suspected canieis, from patients in uhom 
tiphoid nas suspected oi uheie lelease fiom quaiantine uas desired The 
specimens ueie lecened in small steiile bottles uith no plesel^atl^e Tuo 


Table III 

CoMPArisoN OF Wilson Uitii Other PLAT^^G JIedia 


GPour 

NO 

TECHNIQUE 

TOTAI 

NO 

1 

[ TOT VI 
NO 

t NO 
IPOSITIVE 

1 NO 

1 POSITIVE 
' ON 

1 NO 

POSITIV c 
' OV 1 

ADDITIONAL 
POSITIVE ON 
WILSON 

EXA3f 

INED 

jPOSlTlVT 


ENDO 

ONL\ 

■WILSON 

ONI Y 

NO 

PER 

CENT 

1 

leccs direct on Wilson 
gljcenn suspension on 
Endo 

Gljcenn suspension on 
Endo and "tVilson 

871 

1 

15b 


8 

1 

bS 

1 

1 1 
1 

3S4 

II 

1 

275 

59 

41 

1 0 

1 

18 1 

1 

18 

30 5 

III ' 

Paratj'phoid B release as' 

8 

6 

3 


6 ' 


50 0 

IV ' 

Urine broth culture on 

197 

12 

8 

1 0 


4 

33 3 

V 

Feces direct on Leifson 
and W ilson 

100 

20 

4 

1 Leif^on 

1 only 

Hi 1 

16 


VI 

Feces direct on Wilson, 
gljcerm suspension on 
cosm methylene blue 

100 ' 

21 

13 

Eosin 
methylene 
blue onl} 

0 

8 ' 

8 

3S0 
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thousand two hundred and forty-five specimens of feces and urines were cul- 
tured in various combinations. 


Since for manj’- years we had depended on enrichment in 30 per cent 
glycerin and streaking on Endo plates for routine typhoid isolation work, we 
decided to compare this technique with one using the Wilson medium. Tie 
results of these tests are shown in the first four groups of Table III. 

In the first of these groups were 871 feces which were streaked directly 
on Wilson plates and also emulsified in 30 per cent glycerin and streaked on 
Endo. Fiftj'-five per cent of these were streaked on one Wilson- plate only, 
and 45 per cent on two separate Wilson plates. A 10-20 per cent suspension 
of feces Avas made in the glycerin. A loopful Avas streaked on an Endo plate 
before and after incubation at room temperature for tAA'enty-four hours. Tab 
ing the total number of positives as 100 per cent, Ave figured the perceutace 
of additional posith'-es obtained bj’- the use of Wilson medium, hi spite of a 
possible advantage of enrichment in glycerin and tAvo Endo plates compared 
to one Wilson (in 55 per cent) Ave got 38.4 per -cent more positwes by usins: 
the Wilson medium. 

In group II a 10-20 per cent glycerin suspension Avas made on 275 fece» 
and a loopful streaked on one Wilson plate and a loopfui on Endo before and 
after incubation. Here again the Endo medium had the adAmntage of boR' 
streakings, but we found 30,5 per cent more positives by the~Wilson mediuni- 

Group III contained 8 specimens from a B. paraiyphosus B release 
AA'liich of the 6 positives, 3 additional Avere detected by means of the tVilson 
medium. 

In group IV Avere 197 urines. Tavo cubic centimeters of urine Averephcf 
in a veal broth tube and incubated at 37° C. for tAventy-four hours. A loopf” 
Avas streaked on a plate of each medium. We found 33.3 per cent more pos' 
fives on Wilson medium. 

The superiority of Wilson medium over Endo is apparent from these k 
suits. Wliere a strict comparison is made, as when streaking from the saw 
liquid medium, such as a suspension or broth culture, there is still a SO P^^ 
cent adA'antage. 

We then compared Wilson's medium Avith Leifson’s and eosm-metli.'’h'’ 
blue media. 

In the series of 100 feces comparing Wilson’s with Leifson’s medio® 
plates of each medium Avere streaked directly with a loppful of feoes- 
got so many more positives by the Wilson medium that Ave did not on 
Avorth Avhile to compare more than 100 specimens. Leifson’s medinm doe 
inhibit so many B. colt as Wilson’s medium, and it is much more 
read. If there are many B. coli or aerobacters on the plate, they 
very quickly. The tj^phoid bacilli being ymlloAv also makes the plaf® ' 


to read. 


In comparing eosm-methylene blue medium Avith Wilson, a looP 
streaked from a glycerin suspension on to each medium. It can be 
the chart that eosin-methylene blue medium runs parallel Avith the 
percentage of positive isolations. Therefore, Ave did not think it "O 


to continue any more comparative tests Avith this medium. 



GUNTHER TUFT "MEDIA IN ISOLATION OP TYPHOID BACILLI 


467 


Table IV 

Results of Vartino Techsiqde With Wilsol Medium 


crour 
NO 1 

i 

TECllMQVF 

TOTAL 1 
KO 

KlVM ] 

iNrn 

TOTAL ! 

\o 

POSITIVE 

VO 

POMTINX 

ON 

1 BOTH 

j NO 

POSITINE 

SUSPES 

SION 
[ OVLV 

AO 

POSITIVE 

I ADDITIONAL 
POSITIVE 
) DIPECT 

OMV 

1 NO 

lEH 

CENT 

I 

Feces direct on Wilson' 

1 glycerin suspension 
, on Wilson 

^ 275 ' 

i 7G 

1 

! 

59 

1 

1 

1 

10 

1 

15 

19 7 

II 

ieees direct on W'llson 

1 deep Wilson phtcs 

1 100 

1 21 

1 210 

1 13 

1 Deep only 

1 1 

’ 1 

6 j 

1 28 5 

III 

|l\^o Wilson pHtes com | 
pared to one Wilson 1 
plate I 

1 1,280 

! 


1 170 j 

1 Ono only 

60 j 

lAdditional positive pos 
sible bj using two plates 

1 1 30 1 13 0 


So fai Me lia\e demonstrated the siipeiioritj of Wilson mediiiin otei 
Endo, eosin metlijlene blue, and Leifsoii’s media We then tiied to find ont 
the best naj of using Wilson medium Table IV shows the lesults of raijing 
the teclnuquo t\ ith 'Wilson medium 

lit gioup I were 275 feces Two plates weie sUeaLed diieeth on Wilson 
and a loopfnl streaked on one Wilson plate fiom gljcetin snspension We 
obtained 19 7 pet cent more positives bj direct streaking 

Tlieio uoie 100 feces m group II Two plates were stieaked diieotlj on 
Wilson medium and one deep plate made The technique for the deep plates 
consisted in fiist emulsifjmg in gljeeiiii, then bj means of a 10 c c pipette 
with a wide opening at the bottom, the cotton plug is pushed slowlj to the 
bottom of the tube, carijing witli it the large pieces of feces and leaMiig the 
glyeeim above tlie eottou oompaiatiiely cleai Five cubic centimctcis of this 
fllteied emulsion is put into a Petii dish and about 20 e e of melted Wilson 
medium, cooled to 45° C , poured on it The plate is lotated to miv thoioiiglily 
and allowed to stand until tliorougblj dij This plate is nicnbated for forty - 
eight bows and read The typhoid colonies glow in distinct loiiiid black 
colonies right below the sin face of the agar Eien with tins laigei inoculum, 
we obtained 28 5 pei cent nioie positnes by diiect Wilson plates 

In gionp III we compared the effieiency of stieakmg two Wilson plates 
with one Of the total mimbci of 230 positives, 60 weie positne on one plate 
only One half of these, 30, oi 13 pei cent, might have been missed bad only 
one plate been used It can be seen from these figures that Wilson medium 
can be used more adi aiitagcously by streaking tw o plates direct w ith undiluted 
feces This fact is of distinct adi antage in the examination of large numbers 
of specimens, for example those sent w to public health laboiatoiics from 
food handlers In these instances, one Wilson plate could be employed and 
would still he more efficient than seveial Endos The economy of time and 
mateiials affoided by this method in laboratoiies wheie large numbeis of 
speeimens are handled constantly , is obvious 

Aftei demonstrating Wilson medium to be the best medium foi stieakmg, 
w e tin ned oni attention to increasing onr isolations, if possible, by preliminary 
enrieliiiient Altliongli Leifson i eeoraineiided the use of selenite F enriclimeiit 
with desoxycbolate stieakmg medium, we demonstrated in Table III that the 
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Table V 


Comparison op ENracHMENT Media 


GKOUP 

KO. 

TECHNIQUE 

' 1 
1 

1 

TOTAI/ 

NO. 

EXAM- 

INED 


1 NO. 
POSITIVE 

ON 

BOTH i 

NO. 

POSITIVE 

IVILSON 

DIRECT 

ONLY 

NO. 

POSITIVE 
SELENITE F 
+ WILSON 
ONLY 

ADBITlOlai 
POSITITK 
ivasox imr: 

[ NO. 

m. 

CTSl 

I 

Peces direct on Wilsonl 
selenite F on Wilson 

670 

129 ] 

74 

(30^3%) 

22 

(ir.0%) 


' 

11 

Urine brotli culture and 
double strength sele- 
nite F on Wilson 

200 

1 

11 1 

1 


Selenite F 
only 

0 

, Broth 
only 

S 

' Additional 
ithc biotl 

I 8 i n: 

III 

Before and after selenite 
F on Wilson 

275 

33 

12 

1 Before 
i only 
i 

(12.1%) 

After 

only 

17 

(51.5%) 

Additio 
itive se 
13 

nalfo 
lenite F 
393 

IV 

Before and after glycer- 
in on Endo 

1 


60 

54 

1 Before 
only 

4 

(C.6%) 

, After 
only 

2 

(3.3%) i 

i 



advantage of tlie eombiuation ivas not in the plating niedinm. Any advaatap 
must, therefore, be present in tlie enrichment medium. We, therefore, triel 
a series of enrichment in selenite and then streaking on Wilson compared lo 
direct streaking on Wilson. Table V shows the results of these experiments 

In group I we streaked two AVilson plates directl;,‘'’' with unclihited feees 
and also made au emulsion in selenite P. After incubating the emnb'®®®* 
37° C. for tiveuty-four hours, a loopful was streaked on one Wilson phk 
It was found that of the total positives, 25.5 per cent were positive by diret 
streak on AVilson medium but were negative after preliminary enrichment 
selenite and then sti-eaking on AV'ilson medium. On the other hand, o 
same group, 17 per cent were negative by direct streaking on AViison but 
positive after preliminary enrichment in selenite. There was only a ® 
advantage, 8.5 per cent, of the direct streaking over enriclimeiit and sticn'i 
Since we obtained almost the same number of additional positives ivitb 
method, we continued using the combined technique of streaking dii'cc .L 
the one hand, and enriching and then streaking, on the other haiiL 
present technique consists, therefore, of direct streaking of unclihitecl e« 
tivo separate Wilson plates and in addition emulsification of the 
selenite P and then streaking it on one AVilson plate after twenty-four i 
enrichment. . jj, 

In group II we compared 2 c.c. of urine in broth and 10 c.c. of rm” 
double strength selenite P. Both were incubated twenty-four 
streaked on AArilson medium. AVe obtained 72.7 per cent more posih'rs 
broth cultures. 

AVe further attempted to demonstrate that the selenite 
causes the typhoid bacilli to multiply. One loopful from an ^ jjiuc- 
streaked on AVilsou medium before and after incubation. The ngu 
that this actually happens, as Leifsou claims. AVe could not, howevei. 
strate aiiy^ actual multiplication of typhoid organisms in the 
ment. Teague does not claim that the organisms multiply but reuiaio 
for a period of a week. 




























GUMIIERTUtT MEDIA IN I'-OI ITION OF TVPUOID BACILLI 


469 


Table VI 

SuM3r\r\ OF Literatupe Compapiag ’Uilson Blvif Medium ’Uith Others 


medium 

AtTItOP 

TOTAL NO j 

EXVMINED 

ADDITIONAL 
lOSlTUFS ON 

W ILSON 

FED CENT 

Endo 

Mahchite green 

MaeConlvei ’'=‘ 

Eosm Toetlnlene blue 
Leif«on’s 

De«ox\elioHte citrate ! 

! bellcrst" (19J4) 

[ ShaugUnessvis (1930) j 

1 Gunther and Tuft (J938) 1 

Joosi< (1934) 1 

ViUon and Blair^ 

Gunther and Tuft (1938) 
Gunther and Tuft (1938) 
Sellers*- (1937) 

22 

10 199 

S71 

10 142 

49 

100 

100 

100 positives 

44 4 

50 2 

38 4 

G4o 

50 0 
‘'8 0 

80 0 

DesoxjehoKte 

1 10 0 

h jaratviho if J 

Endo 

M leConkcy 's 

Bnlliint green eosm 

Gunther and lutt (193S; 
\\iI«on and Blair- (ini) 

Ginas and Tabet** (1938) 

S 

212 j 

50 0 

2S 3 

Brilliant green 
cosm 

4 7 

S cnfeiifich 

UacOonke> N 

iMiiiii mil iiHiifiii— 

u 1 

imiiii^niiiiiiiiii 

In oidei to see whethei oiu findings with the Wilson medium weie cor 
loboiated b\ otheis we have seaiched the hteratuie foi siimlai work Table 


VI IS a tabulation of lesults obtained bj diffeient noibers compiling Wilson 
mecliiijij nitb other media It can be leidiJi seen that othei noihers have 
had the same faioiable lesults uith Wilson meduim In the one else in ichieli 
Selleis (1937) got 10 pei cent more positnc cultuies on Leihoii than on 
Wilson mediuin, the compiiison made is not similni to that nnde in the pies 
ent studj, since Sellers compaied emichment in selenite ind streaking on 
desoMclioIate %Mth diiect stieaKmg on Wilson medium Those stieiked on 
desox^cholatc had the advantage of emichment Fintheimoie, those stieaked 
on Wilson meduim neie emulsified iii glycerin We hi\e shown that the most 
achantageous ua^ to use the Wilson medium is bj diieet stieaking and not 
b-v streiking from an emulsion In the noik of Glass and TabeG® companng 
biilhaiit gieen eosin uith Wilson medium foi isolation of B 25<^^fl^yphosHS B, 
the authois state that the advantage of biilhaut gieen eosin is so small tliat it 
IS piobabh due to sampling eiror Fuitheimore the biilliant gieen eosin is 
so difficult to lead tint this small ad\antage is more than out^\eighed bj the 
ease of reading the Wilson plates With the tno exceptions ue have aheadj 
discussed, this summary of lesiilts obtained in espeiiments comparing Wilson 
nith othei media shows the supeiioiiH of the Wilson medium m actual isola 
tion woik 

Ccmsideimg this s\u\e\ as a whole, the most impoitaiit piactical adian 
tage lesulting fiom it has been our change in technique for tiphoid isolation 
woik This has been changed completely fiom the ghcezm einichmeiit Bndo 
technique to the selenite emichment Wilson method, thus inci easing our iso 
latioiis almost 50 per cent Consideiing the number of po«5itnes obtained with 
the glvcerin Endo technique, we had 88 out of 871 specimens oi 10 1 per cent 
With the selenite emichment Wilson technique which we aie now using, we 
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liad 129 positives out of 670 specimeus, or 19.2 per cent, an increase of almost 
50 per cent in efficiency. The importance of this increase in sensitivity in 
relation to public health work is obvious. 

SUMMARY AND CONCLUSIONS 

1. A total of 2,245 syiecinaens of feces and urines were cultured for tvplioil 
bacilli, employing various media in a comparative way. 

2. Wilsou-Blair bismuth sulfite medium was found to produce 38.1 p?i 
cent more positives than Endo ; 38 per eent more than eosin-niethylene blue 
and 80 per cent more than Leifson's desoxyeholate medium. 

3. A tabulation showing the constituents and mechanism of "Wilson-Blaii 
medium in several modifications was presented. The Difco modification nseJ 
in these tests was found to be superior to Wilson's original forniiila, beiii? 
more easily prepared, relatively more stable, and more sensitive. It is ludd 
for the isolation of many salmonellas bnt not for the dysentery group. 
medium is especially’- adapted for work in public health laboratories vbett 
large numbers of specimens from food handlers are examined. Practical point 
about its preparation and use were stressed. 

4. Selenite P enrichment medium was shown to be superior to 30 pu 
gly’cerin water. Typhoid bacilli multiply in the former but not in the iattft 

5. From our experience in the use of the Difco modification of the iVih™ 
Blair medium over a period of two y’-ears and the results of our compaiaO''® 
studies, we believe the Wilson-Blair medium to be superior to any other pa 
ing medium so far devised for the isolation of typhoid bacilli from 
urines. We feel that it fills a long-standing need for a satisfactoiy pa'"’ 
medium for isolation work. 

6. As a result of these studies, the technique which we now empk} 
sists in direct streaking on two Wilson plates as well as enrichment m se 
F, with subsequent streaking on Wilson medium. This technique has pro^^^ 
to be almost 50 per cent more sensitive than our previous nietliocls, an < 
tage which is obvious from the public health standpoint. 
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THE EFFECT OF LYiMPIIOC\ TES IN VITRO UPON 
BACTEniAL TOXINS^ 


H D Moon, M D , A^D Norsuda JI Newport, M D , Oklahowa Citt, Okla 


INTRODOCTIOV 

W ITHIN tlic past tiint} Inc jpais tlieie )iase been piiWislietl a inunbei of 
articles dealing with the functions of the hiiiphoid tissue and of the 
Ijniphoojte Speculations and obsenatioiis bs scsei.il wiiteis liase led to 
niimoious and saued theoiies as to the lole oi loles plajed 1 ).\ the Ijmphoojte 
111 paitioular Until iceoiit jeais scij little c\peiiinciital work, tending to 
give a substantial basis foi thooiiznig, has been earned out 

The piesent studies and e\pei niieiits base coseied a peiiod of two jeais 
and a half Dining this time a fanlj compieheiisn e lesiew of the available 
liteiatuie was iindeitaken, and a mimbei of cxpeiimcntal studies weie cai 
lied out III an effoit to substantiate eeifaiii fheoiies gained tiom the liteiatine 
Aside fioiii the blood sasiulai ssstem time is no sistein that compaics m 
e\tent svith the vast network of Ijiiipliatic capillaries, sessels, ducts, and mil 
lions of specialised aggieg.ifious ot Ijmplioid tissue along the course of this 
si stem The impoitaiite of Ijmplioid tissue in the geiieial ecoiiomj of the 
hod} IS shown b\ its gi eat abundance, and the imiioitaiice of its function is 
mdieatcd bj its stiiictnie and aiiatomii, lelatioiisliips 

Time and space do not allow a complete leiiew of the liteiatuie heainig 
upon the function of the liinphocjte in its fiee and aggiegated states IMaiii 
inteiesting featuies and fiends are brought out bj laiious w liters sneli as 
Viichou,' Bojd,= Malloi},^ Gulland,'* and iiiaiii otlicis Iheie is in none ot 
these icpoits coinniting eiidence iihidi places its lolc oi loles upon a sub 
stantial foinidatioii Simposnims of all of the aiailable facts base been pub 
hshed, but none of tliese aie recent The lecent liteiatuie is moie coiicciiied 
"Ith the possible signifiiaiicc ot the Ijinphocste in lelntionship to malignant 

- , , ‘rrom the Department of Bacterioloffj Unhersltj of OUnhoma School of ilcdicine 

OKlahoma Citj 

Recehed for publication June 14 1D38 
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disease and experimental tuberculosis. The chronic lyinphocytheniias are It 
coming fairly well recognized as neoplastic processes. 


THE EFFECT OF LYMPHOCYTES IN ^^TRO UPON BACTERIAL TOXINS 

Vitro studies, although occupying a prominent place in expei'imental 
medicine, have not, as far as the writer can ascertain, gone into tliis proWem 
heretofore. It is a well-known fact that brain tissue has a very marked 
affinity for tetanus toxin and vice versa. Outside of this, the work of Pap- 
penheimer^ (1917) and the observations of Alexeieff® (1925), nothing lias ap 
proached an experimental proof of the alleged deleterious effects of Ipnplio 
cytes upon toxins. If they do exert this influence, it ivould be clifiicuK to 
explain the mechanism. We may suppose that the mechanism is througk oiio 
of the following phenomena : (1) production of antibodies, (2) enzynufic 

destruction, (3) surface affixation, (4) precipitation, or (5) phagocytosi' 
The iveight of the evidence seems to point to the latter mechanism, althoo?! 
it is difficult for many to conceive of a phagocytosis of fluids. It must not k 
forgotten that biological chemists have shown that protein molecules can 
sometimes have enormous molecular weights and in themselves constitute a 
veiw complex, bulky mass of living or dead material. 

Materials and Methods . — Guinea pigs ai-e most ideally adapted to lettal 

dose experiments because of their extreme susceptibility to various agents. Tli? 

are, however, quite expensive. The first experiments were eonchictecl vn 

guinea pigs, but these animals were replaced by white mice because of t j 

cost of the former. It was soon found, however, that mice are certain} ® 

susceptible to certain toxins, which fact also was noted by 

(1907) ; "Mice and rats tolerate lai-ge quantities of diphtheria toxin. 

rat resists a dose of diphtheria toxin capable of killing several rabbits. 

is a natural immunity.” The xvriters injected 28 white mice with dipi 

toxin in doses grading from 0.0005 c.c. to 0.50 c.c. before they ran 

statement of iiletchnikofi: 's. All mice -were apparently unaffected, 

the one receiving 0.50 c.c. of undiluted toxin, fifteen times enough to ki 

gm. guinea pig in forty-one hours. Mice -were also found to be little on 

all affected by tuberculin and typhoid bacillus extracts. The forniei 

commercial "old tuberculin,” and the latter ivas made by triturating 

- a Berken®' 


suspensions of the bacilli with sterile sand and filtering through ,• - 
filter, the filtrate being used. Tetanus toxin xvas found to 
readily. In vieiv of the well-knoAvn extreme susceptibility of the u i 
to intraperitoneal pneumococcus inoculations, an ox-bile solution 


solution a mixed cultnr^f^"^ 


organism was prepared and used. 

In the preparation of the pneumococcus 

the three most virulent ty^pes, I, II, III, xvas injected into 
cavities of 6 ivhite mice, and upon their death (approximately " 
hours later) saline ■washings of the peritoneal caxdties were eollec 
thick suspension of organisms of high virulence was thus obtame 
suspension wms added several cubic centimeters of sterile ox 
ture was alloived to remain in the icebox until the next day. 
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1 examination slioned the pncumocoeci to be piacticalh all clissohecl, those 
remaining: "eie swollen and distoited 

AH nijeetions ncic made info the peiitoneal caiitj iiitli alec tuber- 
"■ culm sjiiiige and short needle, the site of injection being first steiilized bj 
satuiatioii Mitli iodine alcohol Injected aiiimaK ueie maiked nitli methjlene 
blue slam 

, A icij satisfactoij siispensioii of li iiipbocj tes in xitio nas obtained as 
folloivs Mesenteiic Ijmph nodes ucic lemoxed aseptically fiom a labbit 
These iicic cut up and the pieces teased out in iiaim solution After agitat 
nig the inixtiiie until it appealed quite milki the supeniatant fluid uas de 
canted into aiiothei iiaiiii, sterile eontaiiiei Examination of this suspension 
shoucd the celliilai content to be appioxniiateh 90 95 per cent hmphocjtes 
The balance of the cells ueie iiiaeiophages and eix thioix tes Piagineiits of 
Ijiiiph node stioiiia ueie pieseiit On pi ex ions trials faiilj good suspensions 
ueie obtained from the tlijmiis The hmpbocites could be kept alixe for an 
nulofiiiite period ni the niciibatoi Amoeboid motion of the h iiiplioej tes eon 
tinned foi some time as slioun bx uaiin stage oxaiiiniatioiis Ljinplioejte sus- 
pensions ueie also obtained fioiii otlici souices and studied These included 
Ijmpli nodes fioiii iiiiee, rats, guinea pigs and cattle, and on one occasion, 
tlioiaeio duct contents from a dog In this instance eamutlatioii of the 
thoiaoio duct in the cenieal region was not successful hut considerable fluid 
uas obtained from the ejsteriii clixli The hmphocjte content lieie was 
similai to that obseixed bj Ilajiics and Field® (1931) and otliei uoikets 
Tile fonnei found the total uhite cell count pci cubic iinllimetei of thoiacie 
duet Ijmpli fiom the dog to xaix fiom 500 to 12 250 uitli about 95 pei cent 
1 Muall Ijmpliocjtes, 4 pel cent laige liinpliocjtes and occasional poljs Tins 
method uould in addition to fuinisbiiig a suspension containing lx inphoej tes, 
foaxe them in then natuiai media 

“ Dilutions of the toxin xieie made up so that the dose xxas contained in 

' ail amount not to exceed 0 50 cc, xxhicli prettj xxell fills up the peritoneal 
ri eavitj of a xxliite mouse It xvas thus neeessaix to concentrate the lx mphoeyte 
suspension to a seiiiisolid consisfeiicx in the highei dosages This xi as aeeoni 
plished bj centiifuging and then deeaiitiiig the supernatant fluid 
' The XV eight of the aiiiinals injected, time of injection, identification mark 

nigs, time of death, and othei pertinent data xvere carefullx leeoided It xxas 
I impossible to keep the animals uiidei constant obserxation Mice xxere found 

dead in the cage at times, and note xxas made of the post moitem changes in 
oidei to aseeitain moic iieailj the actual time of death Autopsies xxere 
1 made on all dead animals 

Ohsci vidwit^ and Bucnsswn — The fust experiment comprised a senes of 
SIX guinea pigs injected xxitli diplitbena toxin Tliiee of these aminah receixed 
^ the untreated toxin, and tliiee leceixed toxin subjected to one lioui treatment 
"ith Ixmphoextes in xitio The guinea pigs, leeeixnig dosages approximating 
the MLD ot the toxin (deteiiniiied bx the Paike Daxis Co on 250 gni guinea 
' pigs) calculated on the basis of 0 000048 cc pei giani bodx xv eight, all died 

"itliiii txxo 01 tliiee dajs The xx eight of these animals ranged fiom 704 
* gin to 820 gni , and jet tliej died in less time than that leqnned to kill a 
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250 gm. guinea pig (tliree to four daj's). This is interesting as it shows iliat 
young guinea pigs tolei-ate diphtheria toxin better than the adults. It alw 
shows that the lymphocyte treatment had little, if any, effect. One 627 gm. 
guinea pig, injected Avith 0.50 gm. of untreated toxin, died in one clay and 
twenty-one hours. Another guinea pig, iveighing 693 gm., received 0.0C6c.t, 
of lymphocyte treated toxin, about one-seventh as much, and lived one hr 
and ten hours. 

Table I contains a summary of the experimental data on this series. 


Table I 

Eesults op Injections of GuinexV Pigs With Diphtheeia Toxin 


guinea pig 

WT. 

Gar. 


time of injection 

TIME OP DEATH 

SUF.\'IVAL 

TIME 

HE. 

Brown 


0.033 

3:00 P.M. 11/6 

8:00 A.M. 11/9 

65 

Black 


0.034 

3:00 p.xi. 11/C 



Spotted 


0.500 

3:00 P.M. 11/6 

12:00 A.M. 11/8 



Results of Injections of Guinea Pigs With Diphtueria Toxin — L vJtPHOcnE 

Treatment One Hour 


Black slioulders 


0.035 

4:00 P.M. 11/22 

8:00 P.Jl. 11/24 

52 

Graj’ 


0.039 

4:00 P.M. 11/22 

8:30 P.M. 11/24 

0-.0 

Brown 


0.066 

4:00 P.M. 11/22 

2:00 A.M. 11/24 



Autopsies of guinea pigs shoived a generalized hemorrhagic 
of the vdscera, especially ini'olving the lungs and alimentary tract, 
peritoneal surface of the stomach had a puiiilish appearance, while the 
was covered ivitli a thick, bloody exudate. The intestines, markedly disten f 
by gas, contained also a considerable amount of frothy sanguineous * 
The spleen xvas swollen, of a deeii purple color, and the cut surface lU 
The liver shoived moderate congestion. The respiratory passages and 1®=^ 
contained a sanguineous exudate. All bodies ivere examined shoitlj 
mortem, while still ivarm. 


Table II 

Results op I.njection With Tetanus Toxin 


MOUSE 

WT. 

GiT. 

DOSE 

TOXIN 

C.C. 

TIME OF INJECTION 

FOUND DEAD IN 
CAGE 

One spot 

22 

0.025 

3:00 P.M. 4/3 

8:00 A.M. 4/7 

Two spots 

23 

0.05 

3:00 P.M. 4/3 

4:00 P.AI. 4/5 

Three spots 

22 

0.10 

3:00 P.M. 4/3 

5:30 P.M. 4/4 

One streak 

24 

0.20 

3:00 P.M. 4/3 

8:00 A.AI. 4/4 

Two streaks 

19 

0.30 

3:00 P.M. 4/3 

• 8:00 A.M. 4/4 

Blank 

20 

0.50 

3:00 P.M. 4/3 

9:00 P.M. 4/3 


SURVIVAL 

tlme 

HR. 

49 
50 .5 
17 
17 
6 


Explanation of Corrections : 

considerable po.'st-mortem changes. Death time corrected to 2:00 A.M. 


One spot mouse found dead T 


J -a-i'A. some 

on the prev’ious evening, this mouse showed extreme nervous symptoms ahj 

of locomotion. Two streaks mouse was found dead in ca&e at ^ of deaf"* 


considerable post-mortem changes, so a similar correction was made in 


; tO-li" > 


111 the second experiment ivliite mice ivere injected ivith {pd"- 

dosages varying from 0.025 to 0.60 c.c. Six of them received untiea ^ 
and .six received toxin previously subjected to lymphocytic trea 
hour. Of the two controls used in the last group, one recehec } 
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suspension, and the othei the oiiginal uutieated toxin The fivst control 
cotered possible Ijiiiphoctte piotein aiuiplij lactic icnctioii the second, changes 
occurring in the to\m aftci the fust miectioii No eftett nas obseiied fioni 
the Ijinphocjte piotein, and theie uas little if am, thmge in the tONm The 
surtital time of the mice hilled In the hmphotjte tiiated toxin showed an 
ateiage increase of tliiitj fne lioius ocei that of the mice killed b,! the tin 
treated toxin One mouse, weighin' 22 gin was killed in eigliti tiuee liouis 
In 0 025 cc of nntiented toxin, while aiiothei 10 gm inoiisc locenmg the 




Untreated Toxin 
t\\\Si Trettea Toxin 



Chart 1 — s. comparison of the suivlx-xl time of xNhitc nnee inj^ctocl i\ith unti cited and 
bmphocMc treated tetmus toxin 



Chart 2 — \ compmson of the ‘siinival time of white mice injected wjth untreated and 
l>niphocjte treated tetanus toxin 

same dose of Ijmphocjte tieated toxin ^\as sjmptom fiee at one liundied 
tnontj hours Suimal aftei one luiudied twenty lioius (fi\c da^s) ^^as 
taken as complete exemption iiom lethal eftects of the toxin 

The date and lesults of this expeument aic smnniaiized m lables II and 
III and Chaits 1 and 2 

III the thud expenment ^^hlte inite ^\ele injected Mith pneumococcus 
loxiix (ox bile solution of the oignmsms) TUe\ leceucd dosages laijing 
fiom 0 05 c c to 0 50 c c , fi\e mice getting untieated toxin and fi\ e to\m sub 
jected to Ijmphocjtc treatment foi one hoiu Thiee controls ueie used, one 
on the fust senes and two in the second, they leccued ox bile (0 50 cc), 
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Table III 

Results of Injection With Tetanus Toxin After Lymphocyte Treatment or One Hon 


MOUSE 

WT. 

GM. 

DOSE 

TOXIN 

C.C. 

TIME 

OP 

INJECTION 

FOUND DEAD 

IN CAGE 

SURVIVAL 

TIME 

UR. 

con- 

EECTD 

SUEUVAl 

TIME 

One spot 

19 


12:30 P.M. 4/19 


■PH 

120 

Two spots 

22 


12:30 P.M. 4/19 

8:30 P.M. 4/22 


SO 

Three spots 

22 


12:30 P.M. 4/19 

4:30 P.M. 4/22 

76 

711 

One streak 

23 

BllpSH 

12:30 P.M. 4/19 

8:00 P.M. 4/22 

67.5 

Cl.a 

Two streaks 

24 


12:30 P.M. 4/19 

10:00 A.M. 4/21 

45,5 

455 

Speckled 

20 


12:30 P.M. 4/19 

8:00 A.M. 4/21 

43.0 

S9.5 

(Controls) 

Blank 

23 


12:30 P.M. 4/19 


120 

120 

Blue tail 

22 

0.50 

12:30 P.M. 4/19 

8:00 P.M. 4/19 

7.5 

(.9 


Explanation of Goi-rectlons : Speckled mouse found dead in cage on Apiil 21 at S'?®'}'!}; 
Post-mortem changes tvere present, but not marked ; the time of death ivas corrected to i;t 
A.M. Since no post-mortem changes tvere present when tiie otlier mice of this series were toiiffl 
dead, the time of death was not corrected. 

Controls: Blank mouse received injection of lympliocyte suspension. Biue tail niotiF 
received injection of original untreated toxin. 


Table IV 


Results op Injection AVitii Pneumococcic Suspension in Ox-Bile .Solution’ 


MOUSE 


la 

TIME 

OF 

INJECTION 

FOUND DEAD 

IN CAGE 

SURMVAL 

TIME 

HR. 

COP.- 

r.Enu' 

SOKUW 

HSI^ 

One spot 

23 

0.05 

4:00 P.M. 4/10 

8:00 P.M. 4/13 

76 

76 

1C 

12 

4.5 

Two spots 

20 

0.10 

4:00 P.M. 4/10 

8:00 A.M. 4/11 

16 

Three spots 

22 

0.20 

4:00 P.M. 4/10 

8:00 A.M. 4/11 

1C 

4.5 

One streak 

24 

0.30 

4:00 P.M. 4/10 

8:00 P.M. 4/10 

Two streaks 

21 

0.50 

4:00 P.M. 4/10 

8:00 P.M. 4/10 

4.0 


(Control) 

Blank 

20 

0.50 

4:00 P.M. 4/10 


120-1 



Explanation of Corrections : Three spots mouse sliowed moderate P°,2^''’''’-treaks 
hence time of death more nearly approximated if placed at 1 :00 A.M. / " ® jirath 
showed more rigor mortis tlian one streak mouse which was still warm ; hence 


estimated to be about one hour earlier, 7 :30 P.M. 

Control: Blank mouse received 0.50 c.c. of sterile ox-bile solution. 


Table Y 

Results of Injection AA’itii Pneumococcic .Suspension in Ox-Bile Solution- 

Tbeat.ment One Hour 


.LyMrllOfll^ 


MOUSE 

WT. 

GM. 

DOSE 

TOXIN 

C.C. 

TIME 

OF 

INJECTION 

FOUND DEAD 

IN CAGE 

One spot 

22 

0.05 

12:00 A.M. 4/19 


Two spots 

23 

0.10 

12:00 A.M. 4/19 


Three spots 

21 

0.20 

12:00 A.M. 4/19 

10:00 A.M. 4/21 

One streak 

22 

0.30 

12:00 A.M. 4/19 

Two streaks 

24 

0.50 

12:00 A.M. 4/19 

8:00 A.M. 4/20 

(Controls) 

Kank 

22 

0.50 

12:00 A.M. 4/19 


Blue tail 

23 

0.50 

12:00 A.M, 4/19 




SURVIV.tL 

time 

HE. 

■^20 

120 

120 

id 

20 


Explanation of Gori'ections : Two streaks mouse showed considerable 
hence time of death was corrected to 2 ;00 A.M. 

Controls: Blank mouse received 0.50 c.c. of lymphocyte suspension 
received 0.50 c.c. of the original untreated toxin. 


and 


blue tail 
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Ijmpliocjte piotem (0 50 ce), and oiigmal nntieated to\m (0 50 cc), le 
speetnelj No toxic eflects fiom the bile, Ijmphocjte piotein, aiiaplij lactic 
leactioii, 01 niaiked alteiatioii iii the toxin poteiici weie obseried The un 
treated toxin showed high lethal potenej — 0 05 cc killing a 23 gm mouse in 
seientj six horns and 0 50 e c killing a 21 gm mouse in tliiee and fixe tenths 
horns 



Chart S— A comparison of the survival time of while mice injected with untreated and 
ijmphoojte treated pneumococcus toxin (ox bile solution of organism) 



Chart 4 — A comparison of the sur\i\al time of white mice injected with untreated and 
lymphocyte treated pneumococcus toxin (ox bile solution of oiganism) 

There ^^as a marked reduction of poteiicj shottn in the l^niphocjte 
treated toxin The mice leceiMiig less than 0 30 c c surM^ed bejond one 
hundied tnentj liouis, and the other two iecei\ing’ the higliest dosages, li^ecl 
thirtj fi-\e and five tenths and ten and fi\e tenths horns respectneh From 
this it nould appeal that Ij mplloc^ tes neie much less effectne ni then action 
in the pieseiice of high concentration of toxin 

The data and lesults of tins experiment aie sumnniized in Tables IV and 
V and Charts 3 and 4 

CONCLUSIONS 

1 Fiom these experimental results it ^ould appeal that iMiipIioej'tes ha\e 
'?ome deleterious effects on bacterial toxins 
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2. It -would not be beside the question to conclude that material coiitaind 
in the lymphocjiie suspension may have exerted a direct chemical protective 
action when absorbed by the mice (e.g., due to cholesterol content) or lia\e 
acted in the nature of coinpleinent in the immunity mechanism. Furtlier labo- 
ratory work would be necessary to decide these points. 

3. It would appear that the vital action of the lymphocyte, if any, is im- 
paired by the higher concentration of pneumococcus toxin. Tetanus to.xin seem> 
to have less effect in this respect (see Charts 1 and 3). 

4. The question of the specific effect of lymphocytes on toxins is by in 
means decided by this preliminary work. Future work should involve repefiti™ 
of the preceding experiments, as well as coi-rection of all clianees for error 
(e.g., pH) in the procedure. It is .suggested that the effect of lymphocytes on 
the products of tissue, necrosis, and autolysis be tested. 

5. Available literature on the role of the lymphoid tissue, and partieularl.v 


the lymphocyte, is suggestive, but inadequate to decide the c|uestion. 

6. In the light of our present knowledge, a part in the general provision 
for immunity in the body is a much more likely role than a nutritive rolealono- 
as proposed by a number of workers. Further studies should be pursued alonj 
this line. 

7. In view of the latest conception of the chemical nature of certain anti- 
bodies (iMarraclC and Felton^") it might be interesting to know sometliwf 
about the globulin content of lymphoid tissue in healUi and disease.^ f 
lymphoid tissue appears to be adapted to antibody production bothm'* 
anatomic distribution and its histologic structure. 

8. The lymphocyte probably plays an important part in the inimunil) 
mechanism by affixing toxic cell metabolites and especially bacterial tor® 
producing in turn by this reaction antitoxic substances. These suhstaiicf- 
may be liberated either as a secretory^ product or by autoly.sis of the 
cyte. Just as the polymorphonuclear leucocyte and other phagocytic 
which engulf particulate matter in the defense reaction, the lymphocy tes re 
appareutH in defense against toxins. 
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THE TATOVTA ARA REACTION IN AMYLOIDOSIS’ 


AlBFRI TaR\N, B a , AND SuiUFL LlPSTPIV, M D 
Stvtfn Islvnd, N Y 


QINCE the intioduction of the Takata Aia' " leaetion m 1925 as a laboiatorj 
^ test for the chffeientiation of lobai piieuiiionia and bionchopneumonia, and 
its utilization as a diagnostic agent foi Inoi ciiiliosis in 1929 (Staub,® Jezler*), 
mimeious im cstigations lia\c been lepoitcd in the litcratuic conceining the 
\aiioiis aspects of the leactioii in ciiihosis of the li\ei and manj uidel} ■vai's 
mg clinical conditions The cailj repoits (Skougc,-' Ciaiie,® Oh\a and Pescai 
mona/ Ragins®) coiioboiated Jezlei^s obsci\ations of the spccificitj of the re 
action foi hepatic cirihosis Jloie recent repoits (ICiik,® Bouinan and Biay'®) 
shou that the reaction is not specific foi luci ciiihosis but that positne le 
actions can be obtained in a uidc laiiety of conditions 

At the present time the lationale of the icaction is not uell understood, 
but it is appaicntly related in some niannei to the seium pioteins Takata and 
Jezlei stated that it uas due to the dccieased stability of the seium proteins 
of the colloidal system which causes piecipitation ol the meiciuic o\ide and 
to an increase of the globulin with an in\eis!on of tJie albumin globulin latio 
According to Nccole/' the albumin fraction c\cits a piotectno action, thus 
pieventing the flocculation of the colloidal solution of the mercuiic o\ide 
ICirk° investigated this lelationslnp m a sciics of 56 patients In 18 cases with 
a leverscd albumin globulin latio, 13 gave positive Takata Ai a reactions 
Tabulating the percentage mcicase of the globulin fiaction, he found 21 such 
eases, and the Takata Ara leactiou was positive m 19 of them It was Ins 
opinion that the levei’sal of the albumin globulin latio was not the impoitant 
factoi and that the Takata Aia leaction was likelj to bo positive in anj disease 
m which the globulin level was elevated Ragins® was unable to find an> coi 
lelation between the test and the amount of albumin, globulin, oi the albumin 
globulin ratio Bowman and Biay,^” on the othei hand, reported that positive 
leactions are hkelj to occur in all conditions in which tlie total piotein content 
of the blood seium and the albumin globulin ratio were low 

Since the Takata Ara reaction has been used so extensiv elj in liv ei pathologj 
and lias some appaient lelationship to the soium piotein fiaetions, the test has 
been used fiequentl> at this hospital on patients suffciing fiom a geneiahzed 
amjloidosis complicating pulmonaiv tubcieiUosis In the large majoiitv of cases 
flocculation of the mercuiic oxide occiuicd and the tests weic icportcd as 
stronglj positive Isiael and Remiiold*'* have lecentlj leported thice cases of 
amjloidosis in which the Takata Ai a test had lieen peifoimed One of these 
cases sliowcd a negative reaction, one was slighth positive, and the thud stionglj 

-- ‘riOTn the Department of P'itholog\ Sea Men Hospital Staten Island Dr Oscar Auerbach 

Director 
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positive. In tlie third case blood protein determinations were made and re- 
vealed an inversion of the albumin and globulin fractions, with an alkmin 
globulin ratio of less than 1.3. Because of the usual extensive involvenieai oi 
the liver in generalized amjdoidosis and the alterations of the protein fraction' 
of the blood serum in the later stages of amyloidosis with the development w' 
amyloid nephrosis, albuminuria, and edema, it was decided to correlate this re- 
action along with the total senim proteins, albumin, globulin, and allrainin- 
globulin ratios in a large group of patients witli amjdoidosis and a control group 
without amyloidosis. 

This study consisted of 40 cases of amyloidosis and 25 control cases vitli- 
out amyloidosis. All the patients were adults with advanced pulmonarv or 


extrapulmonary tuberculosis and all eases were excluded in which there ra 
evidence of other metabolic disorders, such as diabetes mellitus, the nephritidfv 
or tuberculous involvement of the kidneys, with the exception, of course, ol 
amyloidosi.s of the kidney in the amyloid group. In every case a Congo rel 
test, a Takata-Ara test, and blood protein determinations were perfomed. Tk 


main criterion for the diagnosis of amyloidosis in the one group was a 100 
cent absorption of Congo red. Through a recent evaluation of the Congo itl 
test in amyloidosis by one of us (S. it was determined that extensne 

amyloid involvement (especially of the liver) was a necessary condition for tk 
complete absorption of tlie dye in one hour. Other clinical manifestations o 
amjdoidosis were also present in most instances, such as an albumimiria ton?- 
ing from a trace to four plus, and enlarged firm palpable livers and 
However, it is Nvell knoxxm that extensive amjdoidosis of both the liver and i ^ 
spleen can be present in organs of normal or even subnormal size which are 
palpable, and that the albuminuria is in direct relationship to the degree o 
nej' amjdoid involvement. In the control group the percentage of Congo r^^ 
djm absorption was well witliin the normal limits and no clinical evidence o 


amjdoidosis was present. 


METHODS 

The Takata-Ara test emplojmd in this study was essentially Ih® 
scribed by Heath and King,^^ nith the exception of slight changes in thevw 
of the results. One eulhe centimeter of 0.9 per cent sodium chloride so « 
is added to each of six test tubes (100 by 13 mm.). To the first tube, 
serum to be tested is then added and the contents are thorougldy j],f 

cubic centimeter of this mixture, is removed and added to the 
contents thoroughly mixed. The proees.s is repeated in the remamiRS 
the 1 c.c. from the sixth tube being discarded. The dilutions of sei’« 

1 :2, 1 :4, 1 :S, 1 :16, 1 :32, 1 :64. To each tube is added 0,25 c.c. of ^ ^ ^ 
sodium eai'bonate solution, and 0.15 c.c. of 0.5 per cent meranric ch 
tion. The mixtures are allowed to stand at room temperature an re. 


are made from sixteen to twenty-fonr hours later. 

The criteria for positive and negative reactions as used by Heath 
are the following: reactions showing complete precipitation m one 
some flocculation in five tubes were considered strongly positive; those 
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almost complete precipitation in one tulie or flocculation in three tubes -neie 
considcied posituo, a ivealvly positi\e reaction nas indicated iilien tlieie nas a 
slight hut definite flocculation in one oi tuo tubes Doubtful flocculations in anr 
tiio tubes ueie leeotded as suspicious Negatiic reactions iieie those in uhich 
no flocciilent precipitation u as ei ident 

Table I 


Data of the Amyloid Grooc of Cases 


C\SE 

TAIvATA VFA 
PEACTIOV 

TOTAL 

prOTElNS 

Af.BTiMIN 

CJr PEP CENT 

CLOBULIN 

CM PEP CENT 

A G PVTIO 

1 

4+ 

04 

3 7 

2 7 

137 

2 

'If 

5G 

1 29 

2 7 

107 


1+ 

02 

1 30 

20 

1 38 

4 


5 C 

2S 

28 

1 00 

5 

Nefj'itne 

58 

3 7 

2 1 

1 70 

6 

1+ 

5 0 

29 

- V 

1 07 

7 

H 

59 

3 1 

2S 

1 10 

8 


GO 

33 

28 

1 14 

0 

Nefrati\e 

60 

35 

25 

1 40 

10 

1+ 

58 

34 

24 

141 

11 

4+ 

57 

29 

2 8 

1 03 

12 

Neffotuc 

CO 

3 0 

24 

150 

11 

2+ 

58 

34 

24 

141 

14 

2+ 

58 

33 

20 

1 123 

15 

1+ 

58 

30 1 

28 

1 07 

10 

2-1- 

57 

30 , 

27 

111 

17 

Negative 

01 

37 ' 

24 

i 1 54 

IS 

Negatne 

08 

4 5 

23 

I 1 95 

10 


70 

40 

3 0 

133 

20 

4+ 

1 03 

37 

1 26 

1 142 

21 

1+ 

08 

40 

28 

142 

22 

Negative 

60 

34 

' 2r 

1 1 30 

23 

4f 

56 

29 

2 7 

107 

24 

Negatne 

61 

39 , 

2 2 

1 77 

25 

2f 

55 

28 

2 7 1 

1 03 

2G 

4f 

65 

32 1 

33 

0 96 

27 

4+ 

56 

28 

28 

1 00 

28 

4f 

57 

29 1 

2 8 

1 03 

29 

3+ 

51 

2 3 1 

29 

0 75 

3a 

1+ 

55 

29 1 

26 

1 11 

31 

3-t- 

53 1 

20 

2 7 

0 96 

32 

2+ 

59 1 

33 1 

2 0 

1 20 

33 

2r 

64 

35 1 

29 

1 20 

34 

4+ 

62 

29 

33 

0 87 

35 

1+ 

68 

4 2 

2 G 

1 61 

30 

2+ 

62 

3 3 

20 

1 13 

37 

Negatne 

67 

45 

2 2 

2 04 

38 

1+ 

G1 

35 1 

2 r 

1 34 

39 

1+ 

5 7 

29 

28 

1 03 

40 

Negatne 

67 

44 

23 

1 91 


In our piesent stiidi ue hare found it to be more practical to leeord the 
positiAC reactions as foiu plus, three plus, two plus, and one plus, in ordoi 
to fiiither subdivide the stronglj positne reactions and to facilitate the leading 
of the tables We hare regarded the stionglj positue reaction deseiibed bj 
Heath and King as a three plus reaction, the four plus being denoted bj com 
plete precipitation in moie than one tribe and flocculation in the remaining 
tubes Wliereas they have recorded doubtful reactions as suspicious, we hare 
considered them to be negatir e 
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DISCUSSION 

In this study one is impiesscd with the high incidence (77 5 per cent) of 
positive Takatn Aia icactmns m the amiJoid group as compared with the 
rolatuel} low percentage (20 per cent) m the control gioup m which no amyloi 
dosis was pieseiit The question immediatelj aiises as to whether these lesiilts 
can bo atfiibuted to the physiologic and pathologic changes (especially in the 
In Cl ) as the icsult of the icplaecmcnt of the paicnchj ma b} araj loid, or wlietlioi 
tliej aie the lesiilt of quantitative altciations in the seiiun pioteins secondaij 
to the amyloidosis If the positive TaKata Aia leaetioiis are the diiect result 



Fig- 2 — Correlation Cctnoen the Tal all Aia rtacllon and Die albuntm glDbuiin ratio 

of the amjioid changes how can we account foi the positive icattions in tliose 
cases in which no arajloidosis was picscnt oi the negative lencfions m the pies 
once of amyloidosis! Tlieie is appaientlj no iclationship between the amvloi 
dosis pel se and the Takata Ara reaction 

On the other hand, theie appears to he a close iclationslnp betw ecu the serum 
proteins, espeeiallj the albumin globnhn latio, and tins reaction The Takata 
Aia reaction was positive m praeticallv all instances in winch the albumin 
globulin ratio was below 1 5, both in the arajloid and nonamjlmd gioups This 
teiationship is demonstrated m Tig 1 In all instances, with two escoptions 
in winch the albumin globulin latio was below ll, the Takata Ara leaetion 
was positive, and m all instances with thice exceptions, in winch the alliumm 
globulin latio was above lb, the reaction was negative These findings are in 
close accord with those of Isiael and Rcinhold,'" who found the incidence of 
abnoimal low albumin globulin latios almost identical with that of positive 
Takata Ara reactions 
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SUMMARY AND CONCLUSIONS 

1. The relationship between the Takata-Ara reaction and amyloidosh 
was studied in a group of 40 tuberculous patients. In each instance the Takata- 
Ara reaction, total proteins, albumin, globulin, and albumin-globulin ratios Pore 
determined. Similar examinations were also performed on a control group oi 
25 tuberculous patients with no evidence of amyloidosis. 

2. Positive Takata-Ara reactions were recorded in 31 of 40 cases (77.5 per 
cent) of the amjdoid group as compared ivith only 5 of the 25 control cases 
(20 per cent). 

3. The albumin levels were generally lower than normal, with correspond- 
ing increase of the globulin fractions in those cases with positive Takata-Ara 
reactions. 

4. The Takata-Ara reactions were positive in all but two instances in vkioli 
the albumin-globulin ratios were lower than 1.5, and negative in all but three 
instances in which the albumin-globulin ratios were above 1.5, both in the 
amyloid and nonamyloid groups. 

5. There is apparently no direct relationship between the presence of annloi 
dosis per se and a positive Takata-Ara reaction. The positive reaction from this 
study rather appears to be dependent upon the alterations of the allnimin and 
globulin fractions and is in close correlation with the albumin-globulin ratio. 
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SOJIE EFFECTS PRODUCED IN THE NORMAL STOBUCH BV THE 
INGESTION OP JIODERATE AND JUSSIVE QUANTITIES 
or ALUMINUJI HYDROXIDE GEL* 


J P Qt;irijE\, Pii D , I II Kivsel JI D vvd I MESc^i^, JI S 
CLCMiANO, Onto 


C linical iinpro-\emeut of peptic nicer has been lepoited to follow the 
ingestion of ahitninum hj cli oxide t n The met haiiism bi w Inch the thei a 
peutio effects aie elicited has not been established although the following 
possibilities desoiie seiioiis consideration nentialization of gastric acid, ex 
ertion of an astimgent action on the mucosa espeeiallj in the ticimti of the 
ulcer, formation of a pioteetne coating oiei the ulceiafed tissue, augmenta 
tion of mucus production, modifications m gastiic inotilit) or m gasttic etacn 
ation, depiessioii of gastric secietoiy actititi bj reducing the secictoij 
capacitj 01 decreasing the stimulating effect of food in the gut (mtcifere with 
pioduction of seeietagogues or gastrin) The piesent mi estigatioii was un 
dertakeii to studj certain of these possibilities and to ascertain to w hat extent 
thej miglit explain the theiapeutic lalue of the piepaiation Undesiiable 
effects fiotn the therapeutic use of aluminum hjdioxide bate geuerallj been 
denied but the possibihtj of such action must be admitted espeeialli when 
bigh dosage is emploied, oi special conditions permit excessne absolution of 
the piepaiation, oi the subject is espeeialli susceptible to its action JIaiij 
of the desuable and undesirable effects of aluminum hjdroxide admimstra 
tioii should be demonstrable m cxaggei,ated foim bj its prolonged adminis 
tration in massiie dosages 

In the first phase of our iniestigatioii we studied chiefli the piolotigcd oi 
moie permanent effects which might peisist beiond the immediate niteival 
when the stomach contained aluminum The latter poition of out studi dealt 
with the immediate effects on motihti and tone of the gastric bodi and antnim 
and the pjlorie sphinetei and duodenal bulb which followed the introduction 
of aluminum hi dioxide into the stomach or duodenum 

effect of large OOSES on gastric evacuation TI3IE GASTRIC SECRETION, 

AND HISTOLOGi OP THT GASTRIC IIUCOSA 

Mcihoils — ^Por this nil estigation we emplojed six healthi iigorous ina 
tiwe dogs each weighing approximated 15 hg The aniniais were thoroughlj 
trained to cooptiate in the expeiiments, and emotional reactions weie large!} 

, ‘Prom the Department of Phjs5olos> and Medicine at Cltj Hospital extern Reaene 
Unlversit> CleJ eland 

First reported before the Experimental Medicine Section Cleveland Academj of Medicine 
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avoided. They were submitted to laparotomy, and biopsy specimens were 
taken from tlie anterior gastric wall in the fundic body and antral regions 
The specimens were immediately fixed in 10 per cent formaldeliyde and stained 
with eosin and hematoxylin. Following eomplete recovery from tliis surgical 
procedure, gastric evacuation time Avas determined in each animal by the fol- 
lowing method : 30 gm. of barium sulfate (“for clinical use”) were thoroughly 
incorporated ivith 100 gm. of cooked corn-meal mush, passed through a sieve, 
and mixed with suffieient water to make 250 c.e. This preparation was ad- 
ministered by stomach tube twenty-four hours postcibum. Fluoroscopic de- 
terminations of gastric emptying-time were made repeatedly until results in 
good agreement were obtained for each animal. 

In studying gastric secretion the emphasis was placed on free acid pro- 
duction, for acid is of paramount importance in the etiology and chronieity 
of peptic ulcer (Manu,^- Dragstedt,^® etc.). Histamine was employed as the 
stimulus to the gastric glands, since by this test an indication is obtained of 
the maximal amount of acid v^hieh the stomach can secrete (Wilhelnij^)- 


Bach dog was studied while lying on the left side at ease on a mattress, 
twenty-four hours postcibum. A rubber tube of 5 mm. bore and tipped with 
a brass olive was introduced into the stomach via the esophagus so the olive 
was located in the portion of the stomach from which gastric juice flowed most 
freely. The animal was prevented from making chewing movements. Flo" 
of gastric juice via the rubber tube resulted from normal intragastric pressure 
and siphonage. Additional juice was not obtained by the application 
suction. Collection of juice by this method was satisfactoiy for obtauun? 
samples characteristic of the gastric contents. It is impossible to state that 
all the juice secreted during the inteiwal was collected, but the method ap- 
parently did provdde a close approximation of that condition. 

The juice was allovv-ed to flow spontaneously^ for fifteen minutes, theiiOa 
mg. of histamine vvms admmistered subcutaneously, and the secretion oolka ^ 
in fifteen-minute portions for a total of one hundred twenty minutes. ' 
vmlume, free acid, combined acid, bile, and mucus were immediately estinia a 
ill each sample. Gastric secretion was determined by this method m ea 
animal until results showing good agreement were obtained. ^ 

The six dogs were dhdded into two gi-oups — the experimental group 
three animals to receive aluminum hydroxide and the remaining animals to ^ 
retained as controls. An experimental animal and a control animal 
caged together throughout the inv'estigation and all were fed the same s 
diet. The experimental dogs received gelatinous, colloidal aluminum 
prepared as follows : Aluminum chloride and sodium carbonate solutions 
mixed together with stirring until the mixture was neutral to phenolp i 
and neutral red. The white, creamy gel resulting had an astringent but 
an unpleasant taste. It was washed until practically free from 
was considered suitable for this study only if it had a combining 
titrated with Topfer’s reagent indicated bj"^ the neutralization of 20 to -o 
N/10 hydrochloric acid per c.c. of gel. Sixty cubic centimeters of 
aration were administered with 200 c.c. of water by stomach tube 
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S30AM and 480 pm foi sovcntj-nme eonsecotno cLtvs Compaimg this 
dose with that cmplojcd cliuicallj (24 to 48 c c, ) and making allowance fot 
the weight difference hetween dog and man, the dosc emplojed was 17 5 to 
35 times gicatcr than the thciapcntic dosage At tlu teimination o£ the 
medication peiiod, gastuc eiacuation time and the gastiic scaetoij response 
to histamine were immediate!} redetcimiucd on all si\ animals b} a second 
senes o£ trials Biopsy specimens from all animals weie obtained fiom areas 
-idjicent to the site of the fiist specimens The gastuc seeieton lesponse to 
histamine was again dcteimnicd one month following teiminatioii of the 
alumiiiiiin lijdio\ulG admmistiatiou peiiofl 

Jiestdts ond Dt^cusswii ^ — Tlie dogs leoemng nlumiiumi Indioxide lost 
approximately 500 gni in eight dm mg the peiiod of administration as 
pulged bj then weight preceding and following this mtei\al b^ the weight 
changes of the conhol animals, and also bv the lapnl weight mciease which 
followed the admniistiation pcuod Admimstiatiou of the pieporation was 
considered with disfaxor bx the expeinnenta! animaK xomiting occiured on 
a few occasions, bnt nansea x\as almost inxanabh oxpeiienced The animals 
salivated befoie (dex elopmont of a conditioned leflev) and after the 
introduction of the stomach tube The nausea x\as a transient effect of the 
Jatgc dosage of preparation employed and pciinps lould haxe been axoided 
if divided doses had been used It induced anoiexii and thus a decreased 
food intake Beazell and otheis^® haxc shoxvn that tlu tapeutic doses of alnmi- 
aimhjdrosidc do not decrease the digestion and ahsoiption of food The 
anorexia probably fullj eicplains the weight loss and we liave no reason to 
anticiinto that such an effect xiould haxc followed model ate dosages Othci lU 
effects from the CNpenmental pioccdiucs xvcic not observed The animals re 
^ warned vigorous, had good coats of ban, etc The musca piomptlj disappeaied 
appetite returned, and a gam in weight oecuiied wlicn medication xvas diseon 
I turned 


G(iitric VmpUjtng Ttmc — ^Preceding the admmisliation of aluminum hj 
ilroMde, the axerage of six detciminations of the cmptxmg tunc foi each of our 
SLX dogs was (a) 3 horns, 20 minutes, (b) 3 hours 50 minutes, (c) 4 hours 
minutes, (d) 4 houis, 5 mimitcs, (c) 3 horns, 55 minutes, (f) 4 hours 30 
Tollowing the peiiod of alummuin admmistiation the evacuation time 
had not changed signidcantls for the expeumentai animals (a) 3 hours, 10 mm 
iiies, (b) 4 hours, 10 minutes, (c) 4 horns, 5 minutes, or for the contiol an 
imals (d) 4 hours, 30 minutes, (c) 3 horns 35 minutes, (f) 4 hours, 45 mm 
'^hese results do not suggest anv enduung effect on gastuc exacuation time 
^fom prolonged administration of alummum lixdroxide m massive doses 

fa a patient having hypeiaciditv, heart bum, and postprandial discomfort, 
Cfolm observed a reduction in gastric emptying time and a lowcung of gastric 
when aluminum lodroxide (alucol) was administered Results c^is 
''wd'int from ouis are to be anticipated in his studj , for m Cro m s ease evac 
time and aciditx were dctcimined while the aluminum was m the stomach 
in addition the investigation xvas made on a stomach manifesting distinct 
® >corraahtics i c , m the pathologic state 
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Gastric Secretion . — After the animals had become accustomed to the stomadi 
tube, six determinations of gastric secretory response to histamine were made 
preceding and six following tiie aluminum administration period on each dog 
of both the control and experimental groups. After averaging tliese results, such 
close agreement was noted from the experimental animals during pre- and post- 
administration periods and also fi’om control animals as to justify the following 
conclusions: The ‘'I’esting” volume of gastric juice before histamine and the 
total juice collected during a period of one hundred and five minutes after 
histamine remained constant (generally within 5 per cent). The response 
to histamine began about fourteen minutes after its subcutaneous injection, and 
the maximum volume and usually the highest concentration of free acid was 
reached during the thirty- to forty-five-minute period following its administra- 
tion. Combined acid showed a slight but definite elevation, while free acid was 
lowered slightly following the period of aluminum administration. Both sets of 
values had returned to normal when a third series of six determinations were 
made one month following termination of the administration period (Fig. 1). 
No significant modification in the quantity of bile in the gastric contents was 
noted, but mucus was slightly moi'e abundant after aluminum administration. 
These results indicate that pi’olonged administration of massive doses of 
aluminum hydroxide or the taking of biop.sy specimens did not significantly alter 
the gastric emptying process or the response of the gastric glands to histamine. 
A slight increase in the neutralization of hydrochloric acid occurred. This may 
have resulted from the moderately increased formation of mucus which was 
simultaneously noted. 

It might be anticipated that prolonged administration of aluminum hj’drox- 
ide would decrease the secretory activity of the gastric glands, manifesting such 
a change by a decrease in volume of secretion or a decrease in free acid. 
Such action might result from the astringent or local toxic action of aluminum 
hydroxide (this pi’eparation is used as a colloidal protein precipitant) or from 
a systemic toxic action to the gastric mucosa following absorption of aluminum. 
The fact that in our experiments the secretory response to histamine was not 
altered in volume and only slightly reduced in free acidity, even after prolonged 
administi-ation of massive doses of aluminum hy^droxide, shows that these ill ef- 
fects do not develop significantly. 


After a period of therapy^ consisting of aluminum hydroxide four to six 
times a day-, Adams, Einsel, and Fl.vers^ noted a decrease in the concentration 
of free acid and in the volume of gastric juice collected both in the “resting 
state and after an alcohol test meal in ulcer patients. The decrease was es 
pecially marked in cases of hyperacidity^ and, according to these authors, cs 
plains, at least partially, the efficacy of colloidal aluminum hydroxide.^ These o l 
servations do not necessarily indicate a decrease in the secretory activity o ' 
gastric glands, but may result from the improved gastric evacuation and moie 
effective neutralization which has frequently been reported during the remis 
sion of a peptic ulcer. The question should be investigated in Pavlov pou 
animals or some similar preparation. It is also possible that the sccrefmy 
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sponse IS depiessed only to the t\eakei Upcs of stimuli, for Eiiisel, Adams, and 
tljers* noted reduced secietion to an alcoliol test meal aftei aluminum therapy, 
but a normal icsponse to liistamine 

Ii-j, Tein, raiilei and Bi Kllei'e foniul that 20 ee Cieaiinliu (almmnum 
iijdioMdc gel) 01 10 gm alucol (aluminum IndtoMde solid) administered to 
dogs four tunes dailj for foiii mouths pioduccd no sigiiiheaiit dceiease in gastiic 
sccietorj icspoiise to a test meal, but on the contiais, a tciidciic-s to a slight in 
crease obtained The lack of ngi cement uith oui findings niai bo c\plained b 3 
the cmpIojTuent of higci (luantitics of alumimuii m oiii cspeiimeiits the use 



m following- subet 

Jjdroxwe (b? Is an aveiago of six 

'Im nfstra,ti^ following seventy mne da\ 

ana (c) one month following tcrmlnatu 


n 5 mg his 
aluminum 
cc daily) 


etc'' * stimulus to the gastiic glands oi to the deielopnient of aiioic\n, 
Uor ‘‘*'’^iils The slight augmentation in gastiic societion obtained in 

5 ) "oikeis and the slight decicaso in fiec acid ue oil 

die eff ’"'luials aftei nnssiic doses of aluminum hj dioxide, show that 

ticall Piepaiation on gastiic secietion of the noimal stomach is prac 

I’oitcd Ibo loduction in secietion is gieatei in iilcei cases as ic 

w.ot ? and associates, the cftects eiidentlj del olop indireetlj tlnoiigli 

'"'t of the ulcer 
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Biopsy Specimens and Considerations of Toxicity . — Histologic examination 
of the portions of the anterior gastric wall showed no significant differences be- 
tween those taken before and those taken after the prolonged administration 
of large doses of alnminnm hydroxide. We are indebted to Dr. H. S. Reichle 
and Dr. David P. Seecof, Pathologists at City Hospital, Cleveland, for an ex- 
amination of these tissues. Edema of the snbmucosa of unknown origin was 



FiR. 2. — Photomicrographs of gastric histologic specimens taken 
seventy-nine-day period of aluminum hydroxide gel administration. A 
midporlion*, C, pyloric antrum region. Description in text. 
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found m most si)ccimcns A upoil on the thicc sedjoiis sliown in Fii? 2, taken 
(Innnfj the post ndniinisli.ition peiiod, tollows 

At) S7 Cnnhac htaion Tlio surfiite < pitlioliuiii ‘•hows no sif,nni( mt clianjrt flic 
eJenntous suijmuco'a ceparnte^ tin iinH of tlu pi ind** pruiou'-h noted The phnd'’ 
are pre«cnt in norm il nunilcr nml vhow no 1 lie tipillirus ire thin walled, there 

IS no pcrnn«cuhr infiltration, ind the mn'iuliture '■how** no chanpi 

Ao S7 J/idportion Tlio odenn pre\ioiiah noted i** not pro out Surficc epithelium 
normal, glands are abundant and f-liow no tlianpe Mu'* ulitiin i** of iionii il eharacter 
Larger ^e«el« 1 clow the niu-cul in*? nitno«at art willcl but «liow no other note 

worllw change 

^o ?7 ryloru<t tutnim rtfjtfm The '■iirfiioe epithelium dc«ctnd« rather deeph info 
the necks of the gland'* Ihire is «5omt cildiii between the neel s of the gbuuN The 
glanluhr structure m pr(.**ent m the nnrnnt (|Uinti(x Cipillirus are thin walled ind 
lie mu« nlature shows no eignifinnt rhangi** 

and CO voikei', consideied (he po'.sihilil' of nliiniimini picpaintions pio 
diicmg g.istutis and thus niodif\m" ■r.isliic scticton aoti\it\ Oiu lesiilts 
indicate tint niassne doses of ahimimim hsdioside gel gnen diuiiig a pio 
longed lUtcMal do not piodiice gastiitis 

The absence of dctcctahlo histologic changes in om hiopsj specimens, cs 
peenlh m the mucosa, and the absence of othoi injiuions effects fioin the 
n'uminum (we do not asctiho the nausea and weight loss dming the medication 
period to a specific ot s\stcmic action of aluminum In dioxide) cmpliasi/e the 
nontoMc iintuie of such medication Tiom the icmow of the litciatmc and fiom 
their owsi obsorrations, I\.\ and associates weic also of the opinion that toxic of 
Jects aie not to ho anticipated fiom piolongcd admnnstiation of aluminum 
"dioxide cren m huge quantities 

iCTiox OI xionranr nosxors ox ctsutic \xd rxLonio motiliti 

Veihods and IlcsuU'i — In stiuhiiig the effects of alnmmum hjdioxide on 
e gastiic bod} and pxlonc antium legion the emphasis was placed on the in 
erial immediateh aftei adminisfiation and suhscqnenll} for appioximatel} an 
'our 1 c , while the alumimim was in the stomach and upper intestine 

Six noimal dogs weie tiaincd to lie at case while fasting on comfortable 
ointticsses, and gastric motihfi was lecoided fiom the stomach b} a balloon 
ntioduced xia the esophagus Recoids wcic made for two hour peiiods, and on 
Jve le occasions the effect was studied attei iniccting 50 to 100 c e 0 9 pel cent 
th ohloride into the stomach xia one half of the two lumened tube to which 
® “■‘"oo" "as attached The injected material was warned at 39° C , and was 
'nistcied during an inteiial of two minutes' duration Saline injected into 
stomach usuall} had no effect on gastric motilitj , hut on two occasions eon 
ac ions and tone weie pioinpth depressed for two to ten minutes, suhse 
1 icnth the “hungei ” motihtj was normal or slightly exaggerated for one hour 
“aking control leeoii in twelve additional experiments, 10 cc of 
^^inuinum In dioxide gel suspended in 50 ce saline weie injected into the 
^^omaeh during an intenal of vigorous motility under conditions similar to 
“sa Preiiousl} descubed foi the administration of saline Usually motilitj 
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and tone were promptly' inliibited for two to twelve minutes, then complete ve- 
eoveiy obtained. The subsequent motility tended to be slightly more irregular 
than normal, and indications of hypermotility periods alternated with hjyo- 
motility during the one-hour period of observation. The motility changes were 
not of sufficient duration or magnitude to possess clinical significance. 

In ten experiments 4 gm. of powdered aluminum hydroxide (Merck) shs- 
pended in 100 e.c. of water were used as the test solution. Tlie results were, in 
general, similar to those from aluminum hydroxide gel. This preparation of 
aluminum is the one employed in ulcer cases by Einsel and Rowland^ and 
abandoned by them because it did not neutralize hydrochloric acid and became 
they obtained better results from gel. 

3ui,b 




tote wi ftmtflj 



FiR. 3. — Effect on t!ic pyloric sphincter region from administration of aluminum liydre’tiac 

into the stomach. 


h^oiir normal dogs were provided with permanent metal camiulac into the 
stomach and duodenum. Balloon records were obtained from the pyloric sntvuin. 
pyloric sphincter, and duodenal bulb of those animals according to the method 
described by Jleschau and Quigley.’" In sixteen experiments 2 to 10 e.c. qaanb- 
tios of aluminmn hydroxide gel dilnted to 40 per cent were injected on se^'e” 
occasions into the stomachs and in seven trials into the duodeiiinns of animah 
fasting for twenty-four hours. Full strength aluminum hydroxide gel vas ni- 
froduced in 10 e.c. quantities once each into the stomach and duodenum. 

Ill six of the eight experiments involving injection of aluminum hydroxide 
gel into the duodenum, and in two of the eight experiments in which an mb'''' 
gastric injection was made, no change in motility or tone of the antrum, splm"’ 
ter, or bull) resulted. In tlic remaining experiments very slight inhihitiom 
sometimes involving the entire sphincter region, but on oilier oeco.sioiis imo ' 
ing only a portion of this region developed in five experiments, but 
mentation resulted in three expez-iments. Aluminum gel administration 
to produce any other significant dci'iation from the norma! motility oi tone ^ 
the sphincter region (Pig. 3) . Even when 30 e.c. of 40 per cent gel vas 
divided doses into the stomacii or duodenum during a period of ninctz mii"' 
no significant changes in lone or motility of this portion of the gut cou f 
demon-slrated. 
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Since changes in tone and motihf} of the sphinclci icgion mcic inconstant 
m occuircnce, of slight magnitude and of shoit duialion, thc\ appeal to be 
insignificant Accoiding to those icsiilts, aliimimim Indioxidc docs not c\eit 
its therapeutic action In aUoinig tlic tone oi inotilii\ of llic stoniacli, sphincter, 
or duodenal bulb As intcipiclcd In Jlescliaii and Qlllg]c^’ this should pie 
elude a significant allouMion m gastnc e\a(Uation oi the dciclopment of le 
\eised peijstnlsis oi duodenal itgiugitatioii dining the one hoiu peiiod of ob 
senation subsequent to the niiection The absence ol a significant alteiation in 
gastric evacuation hcic indicated fiom the acute action of aluminum Indrox 
ide supplements the conclusion i cached in an cailiei poition of this iincstiga 
tion uheie the piolongcd administiation of this ding also failed to altci empt^ mg 
tune Houe\ei, as has been emphasized eailiei in this lopoit an absence of cf 
feet on the noinial gut docs not piccludc a significant altiiation of motility oi 
emphing time fioni alumimim h%dio\ide in the piescncc of an iilcci or othci 
pathologic condition 

COMMENT 

In the fiist poition of oiu iiuesligation an at1om])t was made to demon 
stiatc eliionic cAccts fiom aluminum hjdro\ide administiation No peisistcnt 
modifications w oi c found t o oct ui m a sigmfiic ant dcgi ec c\ on af tci the pi olonged 
adrninistration of this diug in massuc ((uanlilKs Toxic effects did not dcaclop, 
other than an nnoiexia and slight weight loss (appaicnth iclatod to the method 
of fadnunistiation) . the subiccts leniaincd in good plnsical condition, histologic 
changes weic not deinonstiabic in the gastiic wall, and the gnstiic glands could 
respond in almost nounal niannci to a stiong stimulus This failure to demon 
stratc peisistent effects ma\ indicate that aluminum liMlioxido action is laigch 
restricted to the poiiod when it is picscnt in the stomach Tlius a scientific 
basis would be afforded foi ciiiplo\nicnt of the continuous aluminum hadroxide 
drip method of 'Woldman and Rowland* ' to pio\idc innMnium cfficacA Mod 
ifications of gastiic motoi and scoictoia acti'itj fiom aluminum thorap% piob 
‘‘‘hly cannot be anticipated beyond the immediate peiiod of administiation, cn 
those modifications which de\elop indiiecth thiough the lemission of the 
ulcer 01 othei pathologic state 

Our lesults indicate that the iioimal stomach is not cntuch satlsfactol^ 
a test object to nucstigatc the thciapcutic mechanism of aluminum hj dioxide, 
since apparenth tins duig pioduccs some effects in the ulcei beaiing subject 
Uft obtained in the noimal We failed to dcmoiisfiate a significant change in 
uiotilitj of the stomach or p^loiic splunctei icgion in gastiie e^acuatlOll time 
nr the volume of gastiie juice cithei "icsting” oi subsequent to histamine ad 
"unistiation The secietion of fiee acid was leduced and of combined aeid 
uas increased in lesponse to histamine, but not significant!' Clinical leports, 
uu the contrai\, indicate a shot toning of eaacuation time* and a maiked icduc 
hoii in g^stne secietion, both 'olume and coneentiation of fiee acid ^ The 
■^uieac^ of aluminum h^dioxide in clinical conditions thoiefoic, depend 

ou an action limited to the pathologic gut and not demonstrable on noimal tissue 
Tk ^beiapeutic dose of aluminum hjdioxide gel is 4 ce six times dailj 
^uis quantit' uould completeh neutialize 600 cc of gastiic juice containing 
^ Pei cent diocblouc acid (about the xoliimc seeieted m i espouse to a meal) 
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It would also reduce the acid content of 1,500 c.c. of such juice to 0.15 per 
cent hydrochloric acid, which Dragstedt^^ has emphasized is the critical level be- 
low which gastric juice has no digestive or corrosive action. The significant de- 
crease in gastric acidity produced by this regimen may largely explain the 
therapeutic value of aluminum hydroxide. 


SUJIJLUIY 

The administration of aluminum hj-droxide gel in massive doses (120 c.c. 
daily) for seventy-nine days to normal dogs was without significant effect 
on gastric evacuation time, or the histologic structure of gastric tissue, and only 
transiently reduced the gastric secretory response of free acid to histamine. 

Quantities of aluminum hydroxide within the clinical range failed to pro- 
duce significant changes in motility or tone of tlie stomach or pjdorie anlnim 
region as indicated by balloon records made while the medication was introduced 
into the stomach or duodenum. 

Reasons are given for believing the therapeutic action of aluminum hy- 
droxide depends largely on its buffering action toward gastric acid and on 
significant modifications in gastric evacuation and secretory activity demon- 
strable in the presence of ulcer or other pathology, but not in the normal gut. 
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A REPORT OF THREE CASES OF TORULA INFECTION OF THE 
CENTRAE NERVOUS SYSTE.AP 


R. Gregory JrAORUDEii, ^LD., Ciiarlottl.^vilek, Va. 


’^IIE first instances of invasion of the central ner\ous s\stem by the yeast- 
* like, bmltlin*: organism, Tonila histolytica, ncrc icportcd in the German 
literature in 1905^ and 1907,- Since that time the disease has been found to 
occur almost ubiquitously, and its various apects ha\e been well covered in 
tlie subsequent reports. !More recently Levine'* has collected and anah’zed 
in detail a total of 58 well-authenticated cases and added two of his own. IIis 
careful notations describe in a concise and comprehensive manner the diag- 
nosis and clinical course of this discasc-f It has been showiF tliat torula 
infestation of the central nervous sy.steni may resemble tuberculous menin- 
gitis, meningitis (unqualified), encephalitis, tumor of the brain, and less fre- 
quently, abscess of the brain, dementia psychosis, and dementia paralytica. 

Since October, 1935, three instances of tonila involvement of the central 
nervous system have been observed at the University of Virginia Hospital. 
It is thought worth while to add these cases to those previously reported, 
making a total of GO cases now in the literature. 


CASE REPORTS 

Case 1.— a 28 year-old colored ^\a«ljcrttoinan uas admitted to tlic Unncr«»ty of Virginia 
Hospital on October 7, 1935, complaining of licadaclic and \onuting 
The family, past, and marital lu«torics were irrcle\ant. 

The onset of headache occurred seven weeks prior to lier admission, and uas noted at first 
in the occiput, later shifting to the frontal and left temporal areas. The pam l^as dull and 
^ore Or less contant. Nausea and vomiting appeared early, and diplopia and transient blind- 
Were noted. Visual acuity had become gradually and markedly diniini«lied. Transient 
acafno«? liaj occurred in both ear^i, lariably, but without tinnitus. .Several weeks after the 
ct, elio had had a sudden generalized con^uNion, witli complete loss of consciousness and 
involuntary discharge*. Following this occurrence, the patient was placed in her local hospital 
tlie following observations were rccoidcd: 

ilalnutrition, a feeble and rapid pulse, hypotension (90/80). TJie optic disks showed 
wa more marked on flic right side. Knee jerks were absent. Albuminuria 

marked (four plus). The spinal fluid was under increased pressure and clear; the globulin 
3 slightly increased, and a cell count of 310, predominantly lymphocytes, was recorded. 
* organisms were noted. Lumbar puncture was repeated several days later, and the spinal 
ami "a-’ found to be 300 mm. of water. The cell count was now 280. Wassermann 

Aalm tests were negative. Colloidal gold curve indicated only meningeal irritation. A 
?do9i 3 of intracranial tumor was made and transference to the University of Virginia 

I>epartmcnt of Internal Medicine, University of Vlr^nla Medical School. Uni- 
^01* publication. June 22. 1538. 

i T. *T**'^*‘o" of this study. G T Caldwell In the Texas State J. Sled Au^st, ^37 : 

InL AT^i Iv*" the Am J. Path. September. 1937, and J. H. Cudmorc and J. H Lisa In the 
•“‘ou. March, 1938, have brought the number of hitherto reported cases to 63. 
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On admiFsion to this hospital, geneial physical and neurologic examinations slioived 
the folloning abnormalities: a malnourished colored girl; generalized tenderness oicr tlic 
head; ptosis of the right eyelid; iveahness of the left lateral rectus and right internal rectus 
muscles; lotaiy njstagmus nith upnaid and lateial gaze; definite choking of the optic di'L, 
the right gieater than the left; old letinal hemorihagcs; gingiiitis; sereral carious teeth; am] 
blood piessure 00/G8. 


Routine laboiatory studies of the blood, urine and stool i\ere noimal. 

A tentative diagnosis of biain tumor was made. 

On October 9, x ray films of the skull showed calcium deposits in the pineal region 
and projecting over the foramen magnum, winch were believed to represent calcification in a 
meningioma oi glioma. 

On October 10, tliice days after admission, neurologic examination showed the folloiving 
changes: ptosis of both eyelids, particularl 5 ' the right; diminished light reflex; iiiahiliti 
to wrinkle the left foichcad oi close the left eye fightlj ; weakness of the left facial niii'clfs; 
diminished biceps, tiiceps, periostcoiadial and abdominal leflexcs; absence of the left patellar 
reflex, both Achilles reflexes, and diminished right pafeilai reflex; and slight past pointing 

On October 14, one aveek aftei admission, an encephalogram was done and thought to he 
within the limits of normal. The initial spinal fluid pressure was over 550 mni. of water 
The fluid was cloudy. Globulin was inci eased (three plus). A cell count of 7W, with a slight 
piedominanec of polyinoi plionuclear cells, was recorded. Spinal fluid sugar was ft mg, 
chlorides 020 mg., and total protein 152 mg. pci 100 c c., respectively. Wasoermann fe«t ami 
colloidal gold curie wore negatiie. A mouse was inoculated with the fluid and later autopueJ 
Smears and stains of various organs were negative for any organisms. 

In MOW of the pliisical findings, the laboiatoiy, and the x-ray studies, there was con 
sidei'able contioiersy as to the diagnosis in this case, as so few of tlie findings were corn’ 
lilted. The patient continued to have headache and vomited at inteimls. Since her hvpo 
tension was thought to contraindicate an exploratory craniotonij, it was deemed aiivi'ahlc 
to perform a decompression operation in an attempt to save her cycsiglit. On October If, 
a right temporal decompression operation was done. Xo superficial evidence of tiiwor ira 
noted. TIic duia appeared normal. Following this procedure, the patient’s lieadachc wa 
relieved temporarily. A guinea pig was inoculated into the groin with spinal fluid taken at the 
time of the operation. 

A neurological examination on October 27 showed the following ciiangcs: Meakne'' of 
nioiement of flic eves to the left; inability to comergo; bippus reaction of the pupils to light. 


absence of accommodation; and greatly diminished tendon reflexes. 

The encephalogram was repeated on October 31, but showed no appieciable change since 
the previous one. 

On Xov ember 1, the patient became irrational, had delusions and Iialliiciiiation', 
complained of severe lieadachc. A distinct bulging of tlie decompression site wa' no i 
Tins was relieved to some extent by lumbar punctures at intervals, at which times the 
fluid was aivvavs under increased pressure and there vvas a cell count vnrving fi®”' 


A Culture of the spinal fluid vvas positive for a gram 


-positive iiacillns 


veast, which were tliought to be contaminants. 

As the patient showed no improvement, it was decided to explore for brain 
On. Xovoniber 7, a right exploratory enmiotomy was performed. Examination of * 
showed numerous areas of grayish exudate along the vessels on the .surface of ike w* 
well as several small cysts. The brain vva= examined in several places, but no j 

found, A segment of a cyst wall and some of the grayish exudate were scat to tlie pa 
laboratory for diagnosis. After examination of tlie tissue, including a bacteria “ 
diagnosis vvas subacute torula meningitis. Following operation, the patient gre^ 
worse and died the s.anic day, Xovember 7, 1935. An autopsy was not jierfornici ■ ^ 

On Xovember 29. the guinea pig inoculated in the groin with spinal fluid n® 

19 vvas autopsied. Organisms identified a* torula were found in an abscessed gl m 
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Comment Case ], on iKlimssioii, pusciitcd .1 tiiinuil pictiiip 1 e-^emljUttg 
lulraeraiiial iiimoi In mow cit the eImiiKin<r iieniologii. fnnliiigs .iiicl Die le 
suits of the laUointoi,\ andM.n slmlics, the diagnosis was o\tiemeh pioblem 
atieal Unsiispectingh , it had been made b\ tnUinnig the \eastlike oigamsm 
from the spinal fluid Tlnongh the ciioi of legauliiig it as a loiitamiiiatit, tins 
eiidence was disoaided As a lesiilt, not until cianinfoiin had been lione nas 
the coirect patliologie iiiocess delei mined 

C\SE 2 — A 50jc'\to 1<1 uliite f«r»nr w is iilirnttcl fo iJip I nnfr'.ju on ipnJ 

f, 1*157, coniihininR of lic^dnclio, ami ilrow^incss 

T)io f'imtU, uinritHl nntl p hi’^tora s wt ro irroloxant with flip i \ i pfjtm of { rt mou" 
ilmictttons to tJa<! JiO'tpitil, the fir**! haxmi: luon in \pri} 10 jf wlu ii iimc the 

'IS iliaUtO" niclhtus ami hmphatic Kmomn Ho Imil tioon n ilrmlfpil fo the m 

sTune 10*'''^ for rtpihtitm of his {lulK*tfs \ rnx th< i qn for thi hti oinic tonlition u'ls not 
hcniel nocC'*'>*irx at tint timo Simi h»s lint iln Jnr^t from this hocpit il tic pi^irnt ini 
hcen in *i poor st-vtc of heilth He hml hitl tuthc \ ri\ fr< itmint’- m onotlior hosjutil tiie 
treitmeat Inxinrj boon iji\cn about lUrco inoniln !>cforo his present ndmi*- ion He Jnd 
leca ntllicrinj, to his clulxitic diet fiurh well Ihe urine hul li n '■ug'ir fret «hrn t\ innnctl 
I V limi 'll home 

About a x\cck before mliuissjoii the pitieiit hoitm to lomphm of i von‘‘tnnt dull, diffu'ie 
icailtrhe Hi's loci! plnsicnn had pre^enUd tm licmc whnh had not Rnm relief tour daxs 
before ndmis^ion, i\hde dnMnjj an automobile home he hml cvpcnenrel % tran‘'ient panlxsiv 
of tJie rifi'ht irm md leg and the car Iml ''^^cr^cd ofT tise rou? info a field, fhoro ma no 

injurj Tic cc\t di\ he fccniod drou«i> and tilked xen little He continued to eomphin 

of incrci‘'ing heaihclic and vveaknc««, so xxn<! brought to the ho'-pit il for cNanunntion 

Plixucal CNiuimatiou shoxxed the foUoxxiug abnornnl fm lings moderate drou«iuo*'8 
skin, ^nlc mucous niembnncs, bilatonl pterjgm, selcro'sis of tlie fxmdal arteries 
*^ 011110(1 antra, dental caries, gmgixiti^, postinoal di charge , “light ^tilTness of tlic neck 
cfllxrged, discrete, and firm, bihtcril, anterior and posterior corxical, axillar), inguinal, and 
^'pdtoeUear ghneb, the largest bomg about o b) 0 cm , sloa but regular roapiration, the 
being 11 per minute, soxcnl palpable ma«« 0 '' m the abdomen thouglit to be enlarged 
^nipi glunds, dumnishccl abdominal and ctenia«-tcnc refioxo', ab«ent 1 nee jerks 
I Laboratorx studies ■ucre as foUoxxs licmoglobm 71 per cent (Dare), tixtiirorvtes 

^'^00000, leucocytes 20,000 A differeutial count of a stained blood smear shoued 12 per 
I rent degenerated cells, 1 per cent mxclocyte’' 4 per cent band cell” 12 5 per cent “egniented 
P^'morphonuclcar cells, 2 per cent largo hmphoextes 70 per cent ”miU lymphocyte® and 
^ J pet cent bisujjbilo” H}o<?<I 11 a^serznann and ICaJm teats uerc negatne Ihe a)me on 
' wu Sion ruluced lehbng’s solution xxitli ono drop, acetone and dincctic acid reactions 
Btrongh po”ituc Microscopic examination showed S to 10 whiti, blootl cells per high 
rwer fieli ^ hjihno casts 

find temperature x\n« OS* P nad pul”c 4S On the bT^i” of the urinary 

^ mgs, it thought that the patient's condition xxas mo t probably due to diabetic acidosis 
^ specimen of blood was withdrawal iinmcdiatoh to xletermine the blood “Ugar and carbon 
bir'l^ power Treatment for acidosis \xaa instituted at once The ndim^sion 

”iigar was 30Q mg per 100 cc and the carbon dioxide combining power was 54 0 
{rc^'T findings and the fact that the patient’s urine became 

piQ^ ^ acetone, and diacetic acid after a few lioura treatment, and there was no im 

lethargic state, it was thought adxi«able to do a lumbar puncture, which 
admission The initial pressure x\ns 410 mm of xcater The 
cell ‘'hghtly eloudx and a questionable xantliDchronne tinge was noted A 

was ohtnined wath the polxmorphonucJear cell and the lyniphocxte counts 
^^’hllc making the cell count xeasthi e budding organisms, xvhich 
al 0 torula, were seen on the preparation Cultuie of the spmal fluid was 

•sported positive for yeastlike organisms and later xdrntified as Torula hiftol}/ttca The 
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'•pinal fluid clilorides weie 590 mg., total protein 100 ing., and sugar 30 mg. per 100 ee, 
lespectiTciy. The spinal fluid Wassermann and colloidal gold curve mere negathe. A diagnoii! 
of torula meningitis mas made. 

On April 9, an x ray fllm of the chest showed several fairly mell-defincd areas of catloa 
lihe infiltration in the left base. There was some increase in fibrosis in the lung fields ca 
the right, particularly m the right base. There mas a small, indefinite area of infiltration, 
about 1 cm. in length, superimposing the third interspace, anteriorly, on the right. On 
the same day a nneroseopie examination of the spinal fluid mas again positive for yeadhle 
budding organisms. A blood culture and a culture of the urine mere negative for toraln 
On the folloming daj’ a Jett axillary Umph gland nas biopsied. The tissue diagnosis to' 
lymphatic ieucemia. 

During lus stay in the hospital, the patient had a slight, daily rise of temperature He 
took food and fluids lery poorly. Control of the blood sugar level nas difficult. He complamcii 
of a constant, seveie, diffuse headache. Lumbar punctures Mere done once or tmice daily. He 
Mas given sodium iodide intrarenously and large doses of potassium iodide orally On 
April 12, he appeared very much Morse. There iias much more stiffness of the neck Heap 
peared extremely restless, but at (lie same time drowsy. The folloMing day, Apnl IS, lieirs' 
quite irrational, and voided m bed. His neck and back mere very stiff, and he complained of 
pain in both legs. At 7 p m. he became more resflo's and tossed about in bed, monng all 
extremities. Fifteen minutes later, flaccid paralj-is of the right arm and leg iras aoted 
Rc'.piration became deep and labored. All tendon reflexes Mere absent. The tongue devkitcJ 
to the left A fern minutes later the patient died. 

Summary of postmortem findings: Lymphoid Ieucemia of unusual type with generfi 
wed involvement of lymph nodes, bone marrow, spleen and liver; torula infection involonS 
lungs, cerebrospinal meninges, spleen, .and prostate; focal hyalinization islands of LangwlHns, 
healed tuberculosis lungs and traelieobroncliial lymph nodes; pleural adhesions; arteno 
sclerosis aorta and large branches; small hemangioma, liier. 

Comment: This was a ease of torulosis in a patient with diabetes roellitu? 
and lymphatic Ieucemia The diagnosis was made by the unsuspecting finding 
of yeastlike budding organisms on microscopic examination of the spinal fluid 
These xvere identified by fnrtlier laboratory procedures as Torula hhiohjhto 


Case 3. — A 22 year old colored IiousoMife nas admitted to the University of firgiS'x. 
Hospital on April 23, 19.37, complaining of pain in the head and neck. 

The family', p-ost, and marital histories Merc not of interest. 

Since January, 1907, the patient had had an intermittent frontal headache, wludi 
had increased in «eienty during the last flic necks and had been accompanied by pam m 
neck. Earache nas present at times, and tinnitus more or less constantly. Her appetd® 
poor and vomiting had occurred frequently. Visual acuity had diminished- Phoiophoh’^^ na 
noted, and “blind staggers” had been experienced More leceafly, sedatiies were rcquir 
at night for sleep. The day before admission the right hand and arm felt numb, hat 9'®^® 
mas no loss of use. During her present illness, the patient had attempted to continue 
Mork Mhen she felt well enough. Several hours before admission, “he had been found Ipng 
on her bed in an irrational condition. Her local physician had advised, her entering 
hospital. 

General physical and neurologic examinations revealed the following 
ings; an irrational colored female; definite choking of the optic disks, the right grc 
than the loft; a large amount of exudate and several recent hemorrhages; dental 
diseased tonsils; slight dexiatioii of the tongue to the left; slight stiffness of the nc 
left biceps reflex greater than the right; sluggish patellar reflexes and absent / O' 
tendon reflexes. 

Routine blood studies More normal. Urinalysis shoMcd only an occasional 
There mas a slightly' positive benzidine test on a stool examination. X-rays of the s n 
no abnormalities. 
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On inlmi'-sioii n tont\tnc dmgno'iis of brain tumor uiis iiiiidc Dunug lier stnj in the 
hospital, the pationt ran a slighth eloiatod femponluro On April 2% a ventriculogram uas 
made X rnj films ■slioned the \ontricuHr system to bo fnirh well filled with air, and no 
nbnoriuahtie« were domonatratod In mow of this report and l) 0 cau«c of the continuation of 
the severe heulnche, n lumbar puncture was done on Mnj 1 in an attempt to relieve the 
patient and studv the spinal fluid Tho initial pressure was 430 mm of water Ihc Quecl en 
<tedt lest was normal, tho fluid was xanthochromic Tlio total protein was 73 mg, chlorides 
CoO mg, nnd sugar 24 nig per 100 cc, rcspccluel} There wns a cell count of 451, with a 
predominance of Ivraphocvtos The spinal fluid ANasserniann nnd colloidal gold curve were 
negative A Gram stain of tho spinal fluid sediment showed vcistlike organisms, wlucli wore 
cultured ind identified ns torula 

During the remainder of her staj in tlic hospitnl, the patient continued to have severe 
teahclip, which was relieved temporarilj hj repeated drainage of the spinal fluid The spinal 
fluid cell count on Mav G wns 1^53, with a predominance of Ivmphocjtes \casth! c organisms 
"ere again found She was discharged from the Iiospit il on Sfnj 8, 1^37 having refused 
furl] er treatment 

The patient reported back to tho clmic Jnnimrv 28, 19''8 She stated that since her 
di rliarge from the ho'^pital her health had boon good, except for transient pains in the 
vertex of her head and bick of her ncci TIic«e puns octnrred about once a weel usually 
lasted fixe or ton minutes uid were nceompanicd b} nausea but no vomiting Lumbar punc 
ture was done m the clinic Tho initial pressure was 120 nmi of water Tho spinal fluid 
j fljnaniies were normal The fluid was \erv sbghtlv cloiidv There was a cell count of 220, 
vritli a predominance of Ijniphoc^tos Colloidal gold curve vxas 5o55535510 Spinal fluid 
protein was 100 mg, chlorides 030 mg, and sugar 21 mg per 100 r c rcspectivelj YeasthKe 
I frgaaisms were again found on microscopic cxaminition and were also cultured from the 
spinal fluid and identified as tonila 

Commenf Case 3 is one of toiula infection of tlie centinl nonous sj’stem 
of one jeai’s clmafioii Tlieio has been no treatment since discharge fiom the 
hospital on Jlaj 8, 1<)37 Tlie patient is still doing hei daily -noik -nitli little 
niconsemeiiee fiom the iiifeetioii LeMnc,'' m his aiticle, found the aterage 
' longtl) of the disease to be fite oi sis. months The longest case on iccoid Ined 
1 fi'e anil one half 5 ears 
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<67, 1937 


I 



A NOTE ON THE STABILITY OP PICROTOXIN SOLUTIONS* 


Phoebe J. Crittenden, Ph.D., Washington, D. C. 


I N LIEU of the experiments of Tatum aud liis assoeiates^'^ on the use of 
analeptics in barbiturate and other hj'pnotic poisonings, it seemed likely 
that pierotoxin would become more important as a therapeutic agent. Hence 
a knowledge of its stability in solution when kept over long periods of time 
might be of value. 

Since our experiments were stalled, Koppanyi and his associates'*'® have 
again emphasized the importance of pierotoxin as an antidote in barbiturate 
poisoning. 

Aimett" was the first to use it in a human ease. Recently others®'*® have 
used it with equal success. 


PROCEDURE 

In December, 1935, 0.05 per cent aqueous solutions of two different pkro- 
toxin preparations A and B were made. Both solutions, after testing foi 
toxicity as described below, were divided into three portions and kept m 
pyrex flasks; one was kept at 5° 0.; a second at room temperature; and the 
third at 37° C. 

These solutions were tested for their toxicity at various intervals, varying 
from one w^eek to six months. White male I'ats, weighing about 150 gnu, 
injected in the femoral vein. The time of onset of convulsions, the seveiit.' 
of the convulsions, the time of death, and the mortality’ rate were noted. 


RESULTS 

c 

Both of the original solutions killed three out of four rats witli a dosage o 
3 mg. per kg. This dosage was used in most of the subsequent experimenj®^ 
The solutions kept in the refrigerator and at room temperature varied ni 
number of rats killed at various times, but appeared relatively stable 
years. The solutions kept in the incubator, however, remained stable foi a 
four to six months. After a year, they failed to kill in the dosage of 3 
per kg. The severity of the convulsions also decreased. After two and o ^ 
half years, these solutions were tested by increasing the dosage to 4 mg-t o . 
and 6 mg. per kg. It was found that these solutions (37° C.) had lost aj 
60 per cent of their original potency because 5 mg. per kg. killed five oi 
six rats. 

j tIsC 

•From the Department of Pharmacology and Therapeutics, School of Me ic n 
Washington University, Washington, D. C. 
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DISCUSSION 

Oul initial toxic dose ngiees well with that of Hans He found tli.it 2 8 
nig perlvg injected subcntdiieoiislj hilled two out ot fnc lats and that 3 2 iiig 
pei Ig killed fom out oi si\ lats 

Oui results indicate that jiicioto\iii solutions aie lelatnelj stable foi four 
to SIX months after piepaiation when Kept lu p\ ie\ flasks at teinpeiatures lang 
mgfiom 5° C to 37® C When kept in the lefiigcratoi and at room teinpeia- 
ture, the} appear to keep fairlv well foi about two "veais Tlic solutions kept 
111 the incubator aic less stable If picioto\ni solutions aie to be used in 
waim climates, thc} should be kept in a cool place 

No attempt was made to keep thc solutions stciile Tliosc kept iii the 
refngeratoi showed a giowth of mold in about nine months Tins did not 
appear to affect thc potenc} 


SUMMARl 

Solutions of picrotoxin A and B kept at teinpeiatuies \ar}nng fiom 5° C to 
37° C appeal to he stable loi tout to si\ months Tliose kept m the lefiigci 
ator and at loom tempciatuic aie lelatnel} stable ioi two ^eais, while those 
m the incubatoi lose about CO pet cent of tlieii potellc^ ni two and a 
lialf jeats 
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THE HEMOGLOBIN CONTENT OF HUMAN BLOOD* 


Victor C. JIyers, Ph.D., D.Sg., and Helen M, Eddy, 51,8. 
Cleveland, Ohio 


T he need for more accurate data on the liemoglobin content of normal Iniman 
Wood, and the desirabilitj’' of recording such observations in grams per 100 
e.c., or actual per cent, were emphasized in this Journal by one of us^ a iramber 
of years ago (1921), the concluding statement being: “It is suggested that' the 
time honored hemoglobin test would yield results of much greater value if more 
attention were given to accurate standards and methods, and the results then 
computed to give the actual percentage of hemoglobin rather than the relafion 
to an indefinite normal in parts per hundred.” Although clinical worlcers lyerc 
rather slow to adjust themselves to this newer point of view, the hope expressed 
would appear to have been fairly completely realized at the present time. The 
statement was also made: “In the past one of the greatest difficulties in the 
way of making an accurate colorimetric hemoglobin estimation has been to 
secure a correct standard. Tins is now in a fair way to solution owing to the 
development by Van Slyke of a simple method of determining the oxyg® 
capacity of the blood. ’ ’ It turns out that the oxygen capacity method of Tati 
Slyke^ has been the chief factor in enabling workers in various parts of the 
world to collect accurate data on the hemoglobin content of blood. The Vi” 
Slyke and NeilP method lias been employed in practically all recent work, eitlicr 
directly, or as tlie method of reference in checking the standards. For this rea- 
son all observations are now on a common and comparable basis. 

The chief explanation wliy the older hemoglobin observations were uot on a 
comparable basis was due to the fact that the different instruments arm a c 
generally took 100 as the normal, but did not agree on the equivalent of IDs 
100 in gm. per 100 e.c. of blood. For example, the Dare instrument used 13.< ' 
gm. of hemoglobin per 100 e.c. of blood as ite standard of 100, while Sahli at tirf 
other extreme took 17.2 gm. of hemoglobin as its equivalent of 100 per 
Strangely enough it ivould appear that the two extremes -were the staiUi 
most used. The results were further complicated by the fact that the inct!io( 
were not very exact, the standards often deteriorated and there was no sin i 
method of checking them. With the u.se of the Van Slyke oxygen 
method, either to determine the hemoglobin directly or to check the staii 
for colorimetric use, and the employment of a precise colorimeter, as m 
coloidmetrie analyses, the situation has been completely changed. 


•From the Department of Biochemistry, School of Sledlcine, AVestern Beser^e 
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Eddv to the Graduate School of Western Reserve University, June, 193s, In par 
of the reiihSrement for tlie degree of Master of Science. 

Received for publication, December 30, 19SS. 

r,Q 2 



M\LKSLm)\ lILMOC.rOlUN t ON TINT 01 HUMAN BLOOD 


503 


Since exact ami iclatuoh simple methods of hemoglobin estimation lia\c 
become a^nlhble, obsonatioiis ha\e been made in all paits ot the ^\oll(l ou the 
concontiatiou of hemoglobin m the blood oi the noimal human adult in an effoit 
to define moic exaeth the noiinal In following this woiK it seemed to us at 
fiist lint thcie might ho some difleioiiees due to geogiaphu location and that it 
might he helpful to maUe a seiios ol ol)sei\atioiis in C'li\(laud Wc also wished 
toasccUain the conipaiatue aeeuiatx of thiei elifteient mu lometliods ou samples 
of cipilhn blood 

Since oui slnd\ was nndei taken, a (oiisideiable luimbei oi ohsoi\alions lia\c 
been reported Ihesc and oiu own studies ha\e led us to the coiiclnsioii that 
iioninl adults m good initiition, not lesubng at excessive altitudes above sea 
level show csscntialh the same concintiation of hemoglobin in the blood with 
out ihltLiencc due to laeo oi gcogiaphu loeatuin Tlic onh diflcicnec is tliaf 
cine to sex, winch has long been ictogin/ed 
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100 1 

New Orlcnn^ 

o 87 

17 00 

10 14 

o« 

St Loui3 

* 20 

K ro 

1018 1 

12) 1 

Midn® Indn 

- _ _ 

1( 57 

10 U 

40 

Tom Gomnny 

“ 0(i 

13 08 

10 I 

lie 

Fngl ind 

- . 

15 85 

1035 

250 

Portlmd Ore 

o42 ' 

15 84 

lO^’S 

111 

ClCTclnnd 

. _ 

15 83 

10 r 

SG 

B'lltimorc 

5 41 

i 15 80 

1020 

137 

PortHnd, Ort 

5*^9 

15 70 

10^1 

115 

Nlw Orleans 

5 20 

15 63 

19 C) 

20 

'5'ivkntoon S'x»•k'ltcllC\\^n 

o o2 

15 55 

1031 

1 20 

iBo'iton 

_ 

15 40 

1917 

121 

Indn 

0 11 

15 37 

1922 3u ' 

70 

|lvan«ns City 

1 4 05 

15 34 

1910 

82 

1 Buenos Airc*? 


15 30 

1935 

10 

Copenhagen, Dentmil 

- 

15 20 

1934 

100 

1 K in's cs City 

4 84 

15 32 

1015 

200 

Oinaln 

4 8S 

14 90 

1935 

toil 

50 

t 100 

C ilcutta, Indi i 

I ondon England 

5 3C» 

5 43 

14 77 

14 55 


ol ‘’Oiue 3,000 adults aie bununaiizecl lu Tables I and 11 Host 

Aveie made on xoung adults, chieflv medical students and 
nurses Qa* ’ 

status ”"estigatois (aiiied out studies ou 

, "t ui svick cases onh student 


loups uitli difterent social 
oups ueic included in the tables It 


Wdni'l iieoessan oi liclpiul foi the piesent presentation to discuss each 

til ^cpaiateh Some uotkcis compaied scseial difterent methods, 

aSort 1 ^ W'e set oi dctci minations has lieen used foi the tables No 

"'"'im fin indicate the method used to obtain the acetage liemo 

thue guen m the tables, since it is not heheted that tlic diffeiences oh 
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served are clue primaril.v to either the methods employed or to geograpliic 
loeation. It will be noted that in several instances different workers in Ik 
same city obtained quite different results. The interesting fact is that the 
maximum difference is only 15 per cent. It will be observ^ed in Table I that for 
the adult male the maximum average is 17,04 gm. hemoglobin and the minimum 
figure is 14.55 gm. Both of these values lie between the normal figures originally 
taken for 100 in the Sahli and Dare instruments, respectively. 

Table 11 


Recext D.vt.v o.x the He-mooeobin Content op the Beoop of Youxg Apui-t Pemaies 


ixvestig.vtoks 

XEATv j 

NO. OF 

GEOGKAPHIC i 

BED CEiL 


SUBJECTS 

LOCATION 

COUXT 



i 



IfilKons 

Gm, per 
100 f.r, 

Broun and Briggs^ 

1934 

13 1 

St. Louis 

4.78 

14.70 

Hoi!me 5 'er and Hansoldo 

1930 

23 i 

Jena, Germany 

4,55 ; 

UM 

Wintrobei^ 

1933 

101 ; 

Baltimore 

4-80 ' 

14.G5 

Osgood^i 

1.035 

! 152 i 

Portland, Ore. 

4.83 

13.91 

Jenkins and Some 

1933 

! 116 

England 


13.80 

Wintrobe^i 

1930 

i 50 

Jfeu- Orleans 

4.93 

! 33.70 

Sankaran and Rajagopals 

1938 

62 

Madras, India 


1 13,73 

Gargiulo!* i 

1936 

' 83 

San Luis, Argentina 

— 

13.73 

Gargiulo® 1 

1936 

> 20 

Cordoba, Argentina 



13.70 

Osgood and Haskinses , 

1927 

i 300 

Portland, Ore. 

4.80 

13.69 

Price- Jonesio | 

1931 

! 100 1 

London, England 

6.01 

13.60 

Oriasw , 

1930 

22 i 

Buenos Aires 

1 

13.33 

Hadenis ; 

1922-33 

30 1 

Kansas City 

1 4.38 


Present Study 

loss 

48 1 

Cleveland 

! 

33.10 

Gargiulos 

1930 

46 

Mercedes, Argentana 

( ■ 

33.09 

Sokhey, GoMiale, Ualand- 

1938 

101 

Bombay, India 

4.47 

1 12,99 

kar, BilUmorta-8 





1 

Sachs, Levine, and Fabian=2 

1935 

100 

Omaha 

4.51 


If one selects the mean of the values recorded in the tables for both Ih® 
adult male and female, the figures will he 15.8 gm. for the male and 13.8 gn'- 
for the female, the same figures as those obtained by Osgood^' in his own series. 
It should he noted that Wintvohe^- arrived at essentially the same figures inks 
summary of reported values, viz., 15.9 gm. for the adult male and 13.9 ^ 

(he female. It is well recognized from Williamson’s classic observations t 
the hemoglobin tapers off slightly with advancing years, and the more 
round number figures of 15.5 gm. for men and 13.5 gm. for women 
approximate the average for the last two or three decades of life, the varsa 
from the normal average for either sex being about ±1.5 gm. ^ 

It has long been recognized that the hemoglobin level at birth is veij e • 
20 to 22 gm., probably due to the low oxygen tension existing ^^,5 

life, but after birth the level sinks quite rapidly, until between the secon 
third moatiis it is down to 10 gm., after which it rises to 12 gm. between 
and sixth months, where it remains during childhood. , 

jis already indicated the authoi-s doubt the wisdom of continuing to cm 
the old clinical standard of 100 as the normal tor hemoglobin. 
those who still prefer this method in clinical work, it is .suggested t m ^ 
of the arbitrary standard of 15.0 gm. hemoglobin per 100 c.e. 


equivalent of 100 per cent hemoglobin might he found a mor 


of Wood as the 

re convenient 
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tlnii aiij otliei foi the icasons enmneiatcd belo^^ (1) 15 0 gin is as ncai a 
round ninnbci figure as it is possible to select, and onh sliglitlv belou the iioi- 
nnl gnen hj Haden (2) If one tabes the tioimnl foi adult males as 15 0 gm , 
for adult females as H 5 gm , and ehildieii as 12 0 gni , then tlie 100 pei cent 
staiuhid for males A\ould lead 90 pei cent foi females and 80 pei cent foi 
children figiiies mIiicIi mti} be ensilj lemembeied and inteipieted 

IRON \ND IIlMOGLOniN ESTIMmONS 

A minibei of dilTcicnt ^noiKois lia\c iitili/cd the estimation of total non 
as a moans of homoglohin estimation apiiaienlh nitli good lesnlts Tins is true 
of so\ernl of the nucstigatois ^\l^ose oliscnnlions aie leeoidcd in Tables I and 
11 although the onh figiucs gnen in the tables ^\ll!eh ueic olitained In the non 
inetliod nie those of Sachs, hcMne and Pahian " Ivliimpp” has ohiecled to 
this use oi total iron, since in agiceniont ^\lth Baihan lie has found in his scries 
of expeiinionts an a\oiagc of 5 3 pci cent of tola) non niKomhincd ^^ltll aetne 
homogloluii, le, as nonhcmoglobm non lie states Tlusc icsnlts indicate 
tint attempts to airne at values foi homoglohin 1)\ detcimination of total 
blood non oi \iec ^cisa, aic subject to an average onoi of 5 3 pci cent with a 
'it'uid'iid deviation of 3 9 pet cent, and a possddc onor as gieat as 17 8 pci 
’ In n latci puldication Klumpp’® states ‘ Petcis (I? A ) vvoiKing in 
Barcioft’s hhoiatoi> dcmonstialcd in 1912 that liemoglobm conilnnes with one 
niolcculo of owgen pei atom of non AVith this limdaniental lelntionship as a 
busis it liccomes possildo to calculate accuiatclv values foi liemoglobm non fiom 
the owgcii comhimng oapacitv of the blood ’ 

Thcoicticallv, as Klunipp" states, theie aic tliioe foiins of non which need 
lobe consideied in blood, viz , hemoglobin non, nonhcmoglobm non, and plasma 
(oi seium) non The moiganic non of the seium as shown bv Bing, Hanzal, 
nod amounts to between 01 and 02 mg non pci 100 ce Since the 

ooimal non content of whole blood is elosc to 50 mg this seium (oi plasma) 
iron v\ould intiodiice an ciioi of less than 0 5 pci cent quite outside the limits 
nf ciror of the methods 01 dmaidv used foi hcmoglobm estimation 

In a seiies of some fiftv simples of human blood Klumpp'*'' found that the 
iron calculated on the basis of owgeii capacitv, av waged 5 3 pei cent less thm 
'if dcteimmed dneetlv Despite the eaic v\Iueh IClumpp imclouhtedlj o\weised 
in ns determinations, Ins findings m tins legaid aie m disagieement with those of 
^uiiniber of workers who liave obtained excellent agreement between hemoglobin 
1 (udated fioni 0 x 3 gen capacitj deteimmations and fiom total non or from 
^ro cm iron Among these might be mentioned Lindsav, Rice, and Selingei,^" 
^enned\,3i Emerson,^*’ Haden,''^ Bioim and Biiggs,^ and Johnson 

laiihe,^* vihosc obscivations aie summaiizcd in Table III Andes and 
also Breuei and Mihtzei,^® m obsewations lecenth publislied, have 

^''<'ellGnt agieeinent betvicen figures for hemoglobin calculated fiom 
n non and those obtained bv methods of liemoglobm estimation othei than 
cnpacit3 

^Gial, It uiU be noted that the obseivations foi hemoglobin calculated 
bie total non tend to he shglitlj high v\hile tliose calculated fiom the 
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protein iron tend to be slightly low. The agreement may ])o said to be very gooii, 
however, and within the limits of ordinary experimental error. Kennedy,"' and 
Johnson and Hanke"^ took great care with their iron determinations, tlic latter 
employing a veiw accurate volumetrie method ’(vhieh they state did not liave 
a maximum error greater than 0.5 per cent. As will he noted, Kennedy."' and 
Johnson and Hauke^* obtained a pins difference for hemoglobin calculated from 
total iron in comparison with determinations calculated from the oxygen ca- 
pacity' of -fO.5 and -fO.7 per cent, respectively. When it is considered that their 
figures for iron inelnded the plasma iron, the agreement is excellent. Prom 
the ob.servations recorded in Table III it would appear legitimate to employ 
figures for total iron as the basis of hemoglobin estimations. 

Table III 


CoitPARLSo.v OF .Average Hf.jioglobix E-stixiatioxs CALctmATED Frojc DETF.R5tLV.cTfo.v.s or 
OxvoE.x CAi’AfiTV. Total Irox, axd Protein Iron 


I.VVE.STIGATOF.S 

' SEX IF 
i XOTEII 

XO. OF 
! BI.OOOS 

1 1 

1 TAPAO- 

1 ITY 


^LT'ES CAU 

I>IF- 

FEREXCE 
FROMOj ! 
capacit'v 1 


noM 

DIF- 

FERtXCE 

rnoxi 0 . 

rAPAriTY 




Gin. i 

6m. 

Per cent i 

Gm. 

Per cent 

Lindsay, Rice, and Selin- 


7 

13.33 1 

13.40 

-fO.5 



ger (1926) 








Kennedv (1927) 

! 

s 

10..50 

10.58 

•tO.o 



Helmer and Emerson 

yr 

10 

15.30 

15.57 

-Fl.S 

15.15 

-i.a 

(1934) 



i 


j 



Helmer and Emerson (19.34) 

p 

10 

1.3.21 

13.66 

tS*'^ 

13.43 


Haden (1934) 


21 

12.1 S 

12.15 

-0.25 



Broun and Briggs (1934) 


23 

^ 16.76 : 



' 10.53 

-I.-i 

Broun and Briggs (1934) 

F 

13 

14.15 



I 13.82 

1 

.Tolinson and Hanke (19,36) | 


6 

9.69 

9.76 

+0.7 

1 



As a result of the work of Hiifner and others, it has been customary for 
many years to assume that the oxygen capacity of 1 gm. of hemoglobin was 1.3 
c.e., and that the iron content of hemoglobin was 0.335 per cent. 

Worrison and Hisey’" have made some very careful analyses which sug^c. 
that the.se values are slightl.v low. Their analyses indicate a minimum 
(and carbon monoxide) ca]iacity of 1.36 c.e. per gram of hemoglobin am aa 
iron content of 0.3-1 per cent. The ratio between the.se two figures, 
the same as between the older value.s, so that their use would not change 
comparative results for hcmogloliin obtained from figures for o.xygen 
and iron content. In view of Klumpp’s statement"^ it is interesting 
that Uorrison and Hisey"' concluded from 17 analyses of human hemo.-O^^^ 
that: “The average value of 0.400 ± 0.00.5 c.c. compares with tlie theoie 
value of 0.401 c.c. which assumes a ratio of 1 atom of ii'on to 1 molecn c 
carbon monoxide." 

I'KI-XSEXT OnSERVATIOXS 

The present study was undertaken. fir.sl, to obtain a senes oi 
on a fairly larne group of healthy young adults residing in this 
secondly, to ascertain the comparative accuracy of three I, 

on capillary blood. The throe methods employed were the acid hematm n 
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iiiiii'r a Ntwconici jjKiss disk calil)iated AMth the owfitii caj)ncit\ inclliod ol Van 
Shkc, the non mctliod of Ilan^al,'® and the benzidine inetliod of Bing and 
the last U\o nietliods li i\mg l)iin dc\(.loi)Ld in this lalioiatoM 
Subjects — Tlio male snhittts wdc ni.nU up ol stiuUnts in tlic fust \cai 
iiieilic.il and dental (lasses in Inoelicinisln with the addition ot a f(\\ giadinte 
stiKlcnls mIuIl the female suh]o(.ts ioj the most ji n t \((*ic iindcigiadnato stu 
(kilts 111 plnsiolog\ in Tloia Stone jrathci C’olkgt All the subiects li id passed 
sitisfadon ht.alth t\aminations 

Methods — Tilt blood was obtaimd b\ fingti imiutnif' aftd caictulh wash 
nig Midi aliohol, with the aid of a 2'> gauge sMingo lucdle Tin hist dioj) was 
Aliped a\\n\ liefoic am blood was diawn into the piptttis At no tune was 
tiu so ( died inactue ol ‘ milking” the fingd used Blood was di iwn up into 
eihhinted (ipillan tniiLttcs ol OOi*) and 00") e < eapaeilN similai to those 
einphncd foi tin, Folm^’ mieioblood sugai estimation 

Acid Ilonatiu il/e//iO(? — Tlie Xewtomei aeiel lumatin method was earned 
out Midi 0025 ce of blood e\acll\ as deseiibed b\ Aheis emploMiig a Klett 
biocolonmetci The calibiation ol the Ntweoind disk, with the aid of blood 
^t'lndaidized with the Van Shkc owgen <apaeit\ dctcimination ga\c it a 
iitiength of 0 0314 pci cent hemoglobin 

UumaJ lion Method — As dosci died b.\ Ilan/aB-* tlu thiogl} tohe acid method 
foi non lequircd 02 cc oi blood The method has been modified slighth to 
permit its use with 0 05 cc ol blood The following tedimquo lias been cm 
plo\cd 0 05 e c of blood is infioduecd into a P\ io\ tost tube (20 1)\ ISO mm ) 
cjhhiated at 5 e c , to which 1 e c of distilled watci lias been added The blood 
‘*5 expelled slowh into the bottom of the lest lube wliuli is held in an inclined 
position If this IS done cniofulh, the blood will not ini\ with the watci at the 
'’Uihco, and the watci iimj be diawn up to the maik in the pipette sc\cia] times 
to rinse out anx blood xxliicli max cling to the sides ot the pijiottc One half ciibie 
teiitimctci of 50 pei cent suliuiie aeid is added to the diluted blood The diges 
lion nnxtiue is then heated xxitli eaic oxei a mieiobuinei ^Vs soon ns the xxatci 
kas cxapoiated, the heating max be iiioie xigoious Aftei the blood has dialled, 
is alloxxod to cool loi about foit^ fixe seconds I'oni chops of 30 poi cent 
nehogcii peioxide (Jleidv’s supeioxol) aie tlien added chop bx chop, xxith 
bctMceii each addition, and the digestion mi\tme heated foi about tluce 
minutes attci it becomes deal AYhilo the solution is still waim it max 
■axe a xerx finii xelloxx coloi, but on cooling it should bo deai If neccssaix 
■‘^Witioiial diop of hxdiogcii peioxide can lie added and the pioceduie le 
Pcitcel until the solution becomes oltai One cubic centimetei of distilled xxatoi 
*kcn intioducod into the test tube followed bx one diop of thioglxoohc aeid 
oiie(?ntiatod ammonium hx dioxide is then imi in fiom a Jnnetto until the 
pcimancnt coloi appeals (pll 8 to 10) Distilled watci is added to make 
up to 5 c c 

^hc staiidaid non solution is picpaied lix dissolxing 0 500 gm of analxtical 
x\ue m 10 pel cent sulfiiiic aeid Tliiee cubic centimetcis of concentiated 
acid aie added to oxidize the non to the feiiie state, and the solution is 
“cn diluted to 500 e e (lee = 1 mg non) 
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The standard Avliich is employed is made up daily from the concentrated 
standard iron solution by diluting 1.0 c.c. of the concentrated standard to 40 
c.c. rvith distilled water. One cubic centimeter of the diluted standard is 
measured into a test tube calibrated at 5 c.c. It is then treated with one drop 
of thioglycolic acid, made aUcaline with concentrated ammonium hydroxide, and 
made up to volume with distilled water. 

Both standard and unknomi are mixed by lateral shaking to insure com- 
plete development of color, and immediately compared in a colorimeter, iiitli 
the standard set at 20 mm. If the color seems to be fading, as is sometimes 
the ease, it maj’- be restored liy removing the solution from the colorimeter cup, 
slinking thoroughly, and rereading. 

The I’eading of the standard, divided by tlie reading of the unknomi, times 
50 will give the milligrams of iron per 100 c.c. of blood. In calculating the 
per cent of hemoglobin the milligrams of iron were divided b.v 0.335, the ligme 
which was taken as the per cent of iron in hemoglobin. 

Bing and Baker Benzidine Method . — The determination was carried out 
exactly as described by Bing and Baker'"’ (except that they used 0.005 c.c. cf 
blood instead of 0.025 c.c.), which, briefly, is as follows: 0.025 c.c. of blood is 
obtained by finger puncture and discharged into a flask containing 50 c.c. of dis- 
tilled water, the pipette being thoroughly rinsed. One cubic centimeter of the 
thoroughly mixed diluted blood is introduced into a test tube which alrcad.v 
contains 2 c.c. of the benzidine reagent. Considerable caution should be obsened 
to prevent any portion of the diluted blood touching the sides of the test tube 
One cubic centimeter of 0.6 per cent hydrogen peroxide is then added to tlie 
blood benzidine mixture. One cubic centimeter of the diluted blood standard 
containing 0.05 mg. hemoglobin (prepai'ed from blood standardized with the 
Van Slyke and NeilP oxygen capacity method) is treated in exactly the same 
manner. The tubes are allowed to stand for at least Ovo hours for the full purpk 
color to develop, diluted to 25 c.c. rvith 20 per cent acetic acid, stoppered vith 
paraffined eorlrs, inverted, and allowed to stand at least eight minutes before 
comparison in the colorimeter with the standard set at 10 mm. With the siniph- 
fied calculation, 100 divided b.v the reading of the unloiown in millimeters gi'cs 
the grams of hemoglobin per 100 c.c. of blood. 

The observations on our sei’ics of 111 males and 48 females are presented 
summary form in Table IV. The individual observations are not presented since 
it was not felt that they would furnish suffieient added infoi’mation to 
the tabular space recpiired. In general, the agreement between the 
determinations was excellent, although occasionally the deviations were 
than jirobabl.v would have been the case if larger amonnt.s of blood hn 
employed. The agreement between the averages for the three groups aPP ‘ 
to be satisfactory. 

The acid hematin method gave .slightly the highest re.sults and the beam' 
method slightly the lowest results. Since the acid liematin 
considered a standard method, it is of interest to note the percentage 
which the two other methods show. Calculations made from the averages g 
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m Tabic IV sbou thaj in lompanson iJic «kkI bcniatui obsonjiions, the 
hemoglobin ^^llues calenlalod fiom tlu tola] non au 01 jiei cdil lo\\ in tlic 
male seucs and 1 1 jiei cent bm in tlic fonuh stiits wlnlc tlic usults obtained 
iMth the benzidine method \\cic 1 1 pei tent hm loi the malts and 2 0 poi cent 
low foi the females IIo\\c\ci, if the data fiom the uhole senes ol l')9 siibiects, 
incliiding both males and females, aic a^ola^rcd, and (ompaiison made on the 
basis of hemoglobin ^ahlc calculated fiom the total non tlic agi cement appeals 
e;en better The a^elage figiue obtained ^nth the and liematin method is 0 5 
per cent bighci than that calculated fiom total non uliile that obtained with 
the benzidine method is 0 S per cent louci Although \\c do not ansli to piesent 
the obscr\ations olitauied vith these mieiometliods as pi oof that accinnlc figuics 
for hemoglobin can be calculated fiom figmos foi total non, still thc^ do support 
this conclusion, and the denations ohscued agioe \ci\ a\ell witli obsenations 
from the liteiatme locoided ni Table III 


1 \iu r 1 \ 

HEMocromN COMFST or C\iifrAr\ IBoon of \ou\o \m trs ‘^iMi r rwini sr\ DFicrMism 
n\ Tiiin MitroMmions 


sirt 

NO OF 
SODjrCTS 


Aor 

\( 11) 

lUM 

\T1\* 

iroN 

CONTFNT 

BFVZr 

DINE 

Male 




Gm 

Gm 

Gm 

111 

yfaxununi 

30 

17 69 

37 35 

17 80 



Atinunum 

19 


13 CO 

13 33 



Avenge 

23 

35 S3 

15 78 

15 00 

Femalo 

4S 



15 32 

35 2'’ 

14 71 



yiininiuin 


n 03 


31 37 



Avenge 


33 30 

32 95 

12 84 


of tne obsorsatlons mule %vlth the 'icJJ hfmntln method fell between 
anaies em per 100 cc In the mnlo^ nn I bolncen I'* 4 anl 14 0 gm In the females 


The a\erage hemoglobin ^alue obtained foi the 111 male subjects, ^\lth 
an average age of 23 j cais, was 15 8 gm per 100 c e of blood, a figiue identical 
■"ith the mean of the dguics given lu Tabic I, and of the lathci large senes of 
obsenations (259) made by Osgood This would not appeal to leqniie further 
comment 

In the case of the 48 females, with an avciage age of 20 jeais, the avciage 
cmoglobm value was 13 0 gm pei 100 ec of blood, a figuie definitely below 
J o mean of Table II, namely, 13 8 gm pci 100 cc of blood, which was also 
c ■faille obtained by Osgood for 152 subjects Tins i^ould indicate that for 
®hic icason not leadih apparent the women iii our senes had slightly subnormal 
^inoglobm values This obseivation js leeciving fuitliei attention 

Considering the small quantities of blood employed for eaeli of the tliice 
enninitions, it is believed that the agreement between the three methods mav 
^ consideied good, about as good as could be e\pected with three entirely dif 
^ent eolonnietric micrometbods 

^ The question has sometimes been raised as to whether or not entiiely sntis 
lesuUs foi hemoglobin can be obtained on eapillaiy blood secured by 
puncture Since the average of oui results on 111 adult male sub]ects 










510 


THE JOURNAL OP LABORATORl AND CLINICAL JIEDICINE 


agieos evaetlj' with the mean of the recent literatnre observations gnen in Talile 
I, this M oiild appear to support the reliability of observations made on linger 
blood 

SUSISIARA AND CONCLUSIONS 

Attention has again been called to the desirability of lecordnig hcmoglolim 
values in grains per one hundred cubic centimeters of blood, as is done with other 
chemical blood determinations 

The average hemoglobin value obtained on 111 iioimal young adult maki 
lesiding in Cleveland was 15 8 gm per 100 c c of blood, a figure iii exact agicc 
mciit with the mean of the values obtained throughout the world 

The axel age hemoglobin xalue obtained on 48 noinial jonng adult females 
residing in Clex eland xvas 13 0 gm per 100 c c , a figure definitely below 13 8 
am , the mean of observations made thronghout the xvorld This matter is 
receiving further attention 

The results obtained witli three micromethods, txvo of xvhich eraploxed 
0 025 c e and one 0 050 c c of capillarx blood, sboxxed good agieement, consider 
nig the small amounts of lilood employed Comparing the axmrages of tlic re 
suits obtained on the 159 subjects, the Nexx comer aeid bematm method gave a 
hemoglobin xalue 0 5 per cent Ingliei than that obtained 'vitli the Ilanzal iron 
method, xxhile the average value obtained xvith the Bing and Baker lien/idme 
method xvas 0 8 per cent loxver 

It appears legitimate to calculate hemoglobin from figmes for total blood 

iron. 
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COiMBINED DIPHTHERIA TOXOID AND TETANUS TOXOID, ALUJI 

PRECIPITATED*' 


Prolongation of Accelerated Immunity Following Stimulating 

Dose op Antigen 


P. G. Jones and James M. Moss 
Indianapolis, Into, 


I N TESTING the value of diphtheria or tetanus toxoid it is the usual custom 
to test the amount of inunmiity within a few weeks or months following flm 
injection of the antigen, but very little consideration has been given to tiic 
duration of the immunity and to steps that may be taken to prolong the same. 
Fraser and Brandon^ found that 14 of 41 children who received three doses of 
unmodified diphtheria toxoid five years previously were Schick positive, and they 
recommended that preschool children be given another 1 c.c. of toxoid upon 
entermg school. While this Schick reversion is probably exceptional folloiring 
three doses of toxoid, it does demonstrate the point in question. 

Recently the trend has been to perfect antigens so that only one dose will 
be required, and because this has been more or less successful in the case of 
diphtheria toxoid, it has been attempted with many other antigens. It would 
seem that this is the time to decide how great an immunity is desired and, after 
that immunity is obtained, how long it should be retained. Dr. Harrison,- of the 
National Institute of Health, after an extensive impartial investigation, recom- 
mended the use of alum-precipitated toxoid. Our work^-'^ has indicated that it 
is the better immunizing agent, but we believe we have now reached the point 
where the evidence will enable the physician to decide which agent he will use 
and how many injections he Avill administer. 

The experiments we are now reporting and others to follow are merely to 
enlighted you further on the advantages and disadvantages of various tjqies of 
antigen and should not be construed as meaning that there is but one, and one 
only, that should be used. 

One of the first points we would like to present is whether it is adusa ) e 
to administer all of the antigen in one injection. A report by Bciuamm- 
Fleming, and Ross,® together with our investigations, indicates that 1 c.c. o . 
antigen, when divided into two or three injections, will produce a much 
immunity than when the full volume is given in one injection; furthermoic, 
immunity will be more prolonged. Fraser and Halpern" have shown 1 
individuals have even a trace of diphtheria antitoxin in their systems, if 
markedly accelerated by making an additional Schick test. The woiv '^'y^^^ 
now reporting confirms these observations (Chart 1). Agaui, this mus 

~ ^rom the Lilly Research Laboratories anU Division ot Research. InUiana Uni 
School of Medicine, Indianapolis. 
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taken to mean that one dose of alnm-piecipitated diplitheita to\oid is not a satis 
factorj antigen, but it is a suggestion of anotliei method of use Silbeisclimidt,® 
beach," Gilmore,'" Jensen," and otheis h.iec shown tliat it some immunih is al 
read} piesent, inlialation of toxoid will ine-ic.iso it In a icieiit aitieic Bousficid 
and leing Blown'" lepoitcd on the use ot fiiith atomi/ed foimol toxoid, but the 
reactions weie ecii seeeie, and thet elo not loeonimcnd this method 

There is also some CMdciiee that iniections ol the antigen aie usualh too 
close togethei A senes of elosch siiaoed inicetions will build up immunity, but 
it the host IS peimittcd to obtain the full antigenic foiie ot one injection be 
foie the second injection is gnen, an atLclcialed response is the result This 
accelciated response usualh piodutes a highei lmmunlt^ than a senes of in 
jcctions gnen at shoit intenals between doses 



Chart 1 — Comhlnca diphthcl la toxoid and tet tnua toxoid alum precipitated 


IVe recontlj leported'" the results obtained fiom the injection of an alum 
I'recipitated combined diphthena toxoid and tetanus toxoid in a gioup of med 
"■al students Bxpcnmciils to date indicate that at least two doses of toxoid 
“‘0 icquned to pioduce an immuniti to tetanus These students lecened two 
mjoctions (05 ec each) one month apait Bleedings weie made at \anous in 
Itriak and the seia weie tested foi iiotencj 

Six nionths aftci the fiist injection the group of students was dnided Bait 
« them were given the Seliick test and then injected with alum precipitated 
tetanus toxoid The bahnee were injected with the combined diphtheria and 
tttamis toxoids but were not given the Schiele test Thej weie all bled one and 
t“tn weeks aftei the stimulating dose, and then seia weie tested Cliait 1 
"‘ows the marked acceleiation of diphthena antitoxin and tetanus antitoxin 
special attention is called to the spectaculai niciease in diphthena antitoxin 
produced by the Schick test 
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PROLONGATION OF ACCELERATED DIJIUNITY 

To ascertain if tJiere was a prolongation of immunity one year after the 
stimulating close, these inclivicluals were again bled and their sera tested for 
diphtheria antitoxin and tetanus antitoxin. Tlie tests for diphtheria antitoxin 
were made as prexdouslj'- reported” bj' intracutaneous tests on rabbits. Here- 
tofore, the tests for tetanus antitoxin were made with guinea pigs using tlic 
standard test, but at this time the tests were made on mice. Toxin and anti- 
toxin xvere mixed in the usual manner, 1 c.c. of the diluted antitoxin with 2 c.c. 
of the diluted standard toxin (1 dose). After the mixture stood for at least 
one-half hour, 0.2 c.c. was injected intravenously into the tail of a white mouse, 
weighing 15 to 18 gm. The needles used were 27 to 30 gauge. We have found 
this test to conform quite regularly with the standard guinea pig test. 


MONTHS months 



Chart 2. — Combined diphtheria toxoid and tetanus toxoid, alum precipitated. 


Chart 1 shows the average antitoxin titer of the group at different pen® 
There has been a feeling by some that •while it is true a marked acceleration 
follows a stimulating dose, the recession is almost as rapid and the prolonga 
onlv apparent because of the increased antitoxic titer. We have, ’ 

prepared Chart 2, showing the percentage decrease over various periods o 
and definite prolongation of immunitj'. This chart is based on the 
for diphtheria and tetanus antitoxin shown in Chart 1. As mentioned 
this group received two injections of the combined diphtheria and 
toxoids one month apart. Six months after the first injection tlie dip i 
antitoxin titer showed a drop of 64 per cent, while six months 
lating dose (given six months after the first two injections) the dipi 
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antitoNie titei dcci cased oiih 2S pci cent In the same gioup the antito\ie 
poimc) Jntl dccieabctl 72 pei tent nitli lel.imis <.i\ moiUtis aitei tlio fiist t«o 
injections, tUnlc si\ montlis nftei the stinnilafmg dose the tct.imib antitoNie 
titer (Iccicascd onh 42 jici cent Tins litci ot antitoNiu aftoi one ttai is so 
hi^ii tint tlicie Mill he ccitmn indniilunls mIio piohiihh will not itqmie anothci 
injection ot tctamis toNoid at the time ol injmt, hnt siicli a suggestion should he 
igiioicd at this time and cveiv indiMdual should hi injected with anotliei dose 
of fetamib toxoid nhcncxet tlitto is a possihililx ol a tetaiuis nitcetioii 

The gioup ot students used foi this cxpeimient xxill giacliiatc in medicine 
tins spung so uc jnohihlx shall not ht ahlc to get anothei senes of bleedings 
next fall Anothci gioup has hetn stalled nitli students nlio aic m then fiist 
'eat of medieine, and it is lioped this gionp xnll gixc us a peiiod of studj lasting 
tom xcus 

The question non is Will thildnn dtxtlop an imiimnilx as liigh and as 
pioloiiged as we luxe lound m adults' In Hit fall ot 1917 a huge gionp ot 
tluUlreii nos injected with the tonihincd diphtheiia ami tetanus toxoids alum 
pretipitated, and then hiood sein xtill ht tested at xanoiis inteixals The ex 
peetaiicj is that this gioH|) can he foHoned foi a mimbei of jenis 


DISCISSION 

The lesiilts ot this studx would lead one to htluxt tli.il a stimulating dose of 
toxoid IS ot xalue and that two injections aic ninth btttti than one oxen though 
the total amount nijcetcd is not inci cased It is indicated that wlieio more than 
one injection is gixen, the longci the iiitcival (within coitam limits) between 
mjcctions the highci the iiiimunil} that will dex clop 

In this cxpciiment thcio was an intenal of a month hotween the injections 
™t we now feel that a two month oi exon a thiec month mtenal would piob 
abb haie been moie cffcctixc 


CONCLLSIONS 

A Stimulating dose of alum piccipitifed combined diplithoiia and tetanus 
avoids m human subiects has piodueed not oiih an immuuitj that is much 
greater than that obtained with the two piimaij injections, but one that is pio 
enged oxer a much gicatci inteixal 

The use of combined toxoids does not intcifcre xxith the specific mnminitx 
response 
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LABORATORY METHODS 


A NEW APPARATUS POR PIIOTOULUCTRIC RECORDING OF THE 
COAGULiiBILITV OP BLOOD AND OTHER 
PROGRESSING PROCESSES* 


K IC N\o V \KD, j\[ D , Osi o, Nor\n v\ 


TN PREVIOUS coinniUMKatioiis an ouGino Jns Utcn j'non ot a test loi tlie de 
I termination of tlie eoagulabilit} of the blood plasma' ^ and its cluneal ap 
I)licabilit\ * Latci an impio\eineiit of this method ^sas published, using the 
principle of the photoclectiic ecu'* '' The modification uas based on the ob 
ser\ation, that ns coagulation takes plioc, llicie is an incicascd density of tlic 
specimen nndci obscnafion Tlie dcgiec of increased density ■was legistcicd 
a photocloctuc auangemeut At fiist an appaiatus was designed, A\hich 
necessitated the leading of the ainpeicmctei e\ei3 ten to fittceii seconds (co 
agclometei) In oidoi to exclude the possibility of ciiois in the peisonal Msual 
obscnntions, an appaiatus Mas constiuctcd Mbieh giaphicallx iccoided the icl 
itnc change of light duiiiig the pioccss of coagulation (Bnldes Njgaaid co 
sgclgraph) This Mork uas originallj done at the i\Ia\o Clinic in eoopeiation 
'Mth its Phjsies Department 

^3 the use of the eoagelgiaph, ccitam Ijpes of tiacings Meie obtained 
Certain points of the tracings wcic tound to coincide mth impoitant phases ot 
Uic process of blood coagulation A first Ineak of the tiacing Mas noted at the 
hme of the fiist foimation of filnm A second bioak Mas noted at the end of 
foimation of the clot A last hicak Mas appaient at the beginning of letiaction 
the clot The tracings, dircctl\ rcpicsenting a giaphic expiession of the 
dianges of light transmitted through the specimen during its coagulation, were 
consequcntlj consideied mducctlj to he an expicssion of the ^allous phases of 
e coagulation of the specimen undei obsci\ alien The tracings Mere termed 
'^oigclgrams 

The original airaiigement of tlie coagclgiapli icquuod a dailaoom in Mliieh 
^ operate tlie appaiatus Because of the sensitnitj of the gahanometei used 
01 these nl^estlgatlons, a \ei\ stable suppoit foi it Mas essential Foi tlicse, 
0 other leasons, the oiiginal appaiatus lacked eeitain essential leqiureinents 
Pi^ctical appllcablllt^ 

I he method deseiihcd has pio\cd of clinical \aluc in studies of changes in 
Ji^gulabilitj of the blood mIicic such iiifoimations are desired If, hoMeiei, 

chiof the Universitj Clinic Surgical Department Oslo Noru'ij Trofessoi J Holst 

work w-as aided by grants from Dr Alexander Malthc s Legation 
Wfthed for publication April 22 1938 
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t]io procedure m’Ss to obtain a more practical applicability, it would be necessary 
to design an apparatus wluch satisfied certain practical requirements. Follow- 
ing points ATcre considered of essential importance : Arrangement of tlie various 
parts of tlie apparatus into one transportable unit, requiring minimum of space, 
to be operated in any laboratory withont tlie necessity of a darkroom, tiic ap- 
paratus still retaining the aecnraey and stability* of the original arrangement 
Efforts in order to overcome these teelmieal difficulties have resulted in the 
construction of a transportable apparatus Avhieh appeai-s to satisfy these require- 
ments. A. Falch, assistant student, has greatly assisted in the technical per- 
fection of the apparatus. The new type of apparatus is transportable, of the 
size of a regirlar electrocardiograph. It is stable and it is ready for use wher- 
ex'or a liigh frequency alternating current is available. 



Fijr. 1. — Diagram of photelgrapli Ov S/S. 6 volt lead storage battery; JVi m „.ti 

resistances: S-SS waft, 6 volt automobile lieaUlight bulb (Eiluv) ; TVE, '"■ater batn. 
tube in position; P/i, photoelectric cell. A, amperemetei , .V, mirror o£ mil''''”'' 

light from bulb; A, placed outside daikroom compartment ; JI/:, indnidual reneci.i b 
ntttr, ^e^tlc.alI.v reflected beam of iight onto observation -nindOM in lid of appa 
film cassette. 


DESCRIPTION OP APPARATUS 

The apparatus may be considered made up of two main parts, the registfi 
ing and the I’ecording system. 

The former deals with registrations of variations of light occurring 
tlie process of coagulation. It consists chiefly of a constant source of 1'"'^'^^ 
water bath, a socket for tlie test tube ivitli tlie specimen under obscrvntwih • 
a photoeleetric cell. , .j 

The latter sy.stcm deals with a graphic recording of the variations 
lumiuation registered by the photoelectric cell. This part consists of ' 
peremetei'. whose mirror reflects a beam of light onto light-sensitne 
rotated by a motor at a constant speed per unit time. In order 
factory* recording, ample consideration has been given to the necessity o 
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iug a recording system, built into a darkroom compartment which excludes all 
stray light. A diagrammatic sketch of the apparatus is given in Fig. 1. 

S'oKrcf of lighf. Tins consists of a 35 watt automobile headlight bulb 
(Bilux). It is lighted by a 6 volt lead storage battery, and is jdaced behind and 
outside the water bath, 

2Vjc ic«/fr hath. This is by thermostatic arrangement kept at constant tem- 
perature, 37.5° C. for studies of the coagulability of the blood In the lid of the 
water bath is a reetangular opening, corresponding to a socket in the water 
bath, and intended to hold the test tube of identical iorni. Through a double 
convex lens in the back, and a window in the fj‘ont nail oi tlic uater bath, 
parallel light travei'ses in horizontal direction the liatli and the specimen con- 
tained in the test lube. 



Fig. 2. — ^Photograph of the apparatus (photelgraph) 

Test tubes. Those are specially designed with pianc-parallei sides. Internal 
ammeter 0.5 and 1.0 cm., and 5.5 cm. high. Tlic test tubes are placed in the 
^^ater bath with their broadest side exposed to the light. 

botoehctric celt. The registering instrument is a photronic cell (Weston 
e\ 594) . It is placed vertically in front of the water bath. 

Control of iUumination. During the performance of the test a constant 
i uitiination is neoo.s.sary for comparable observations. Adjustment of illumina- 
is obtained by a rheostatic arrangement. The apparatus lends itself readily- „ 
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to control observations of this constancj' of illmuination. These eontrol oli- 
servatioDs are routine]}’ taken before each test is started, as -will he dealt iritli 
later in this paper. 

In order to exclude possible inteiTerence from variations of light in tlie 
laboratory during the observations, the registering sj’stem here dealt vith h 
covered with an individual lid. This lid may be seen opened in Fig. 2. 

The amperemeter. We have chosen a Weston amperemeter, 100 mievo- 
ampei'es (model 600). The needle of the galvanometer is replaced h}' a anal! 
mirror which, with its longest axis vertically is placed in the center of the mre- 
ments of the amperemeter needle. By a special technical arrangement, tk 
whole instalment can he made to i-otate horizontally about the axis of tk 
vertical mirror. This arrangement has been chosen in order to assure recording 
of processes in which an excessive variation of illumination during the observa- 
tion period otherwise would have caused the recording beam of light to fall 
outside the photosensitive paper. 

Film. We are using regular electrocardiographic paper of the perforated 
tjTJe, 6 cm. wide. This paper is made to rotate at the constant speed of 1 cm. per 
minute by a sjmehronous motor. 

Darkroom compartment. This is necessary for a successful recording, and 
includes mainly tlie galvanometer and the cassette for the rotating photosensitive 
papez’. Prom a source of light placed outside this room, a lieam of light is ad- 
mitted through a small opening In its wall onto the reflecting mirror of the 
amperemeter. This reflected beam of light from tlie amperemeter is divided in 
two parts by a reflecting mirror before reaching the recording paper. Tins 
particular mirror is placed at such an angle that one part of reflected light from 
the amperemeter passes directly and horizontally onto the paper. The other 
part is by the particular mirror reflected in vertical direction onto a special]} 
designed window in the lid of the apparatus. The intention of this avrangemen 
is evident. It permits the observer to follow the deflections of the amperemeter, 
and to stop the motor when the test is completed. 

In order to obtain a recording of time onto the photosensitive paper, t le 
darkz'oom compartment includes a partly eovei-ed .source of light which by re e - 
tion automatically illumines the exposed part of the paper eveiy ten seconds. 

The cassette containing a feeder and a receiver for the photosensitive 
i.s a i-emovahle part of the darkroom compartment. It is huilt accorH^S 
plan similar to that used for the film cassette of the regular eleetrocardiograp >• 
It is driven by a synchronous motor placed outside the darlnuom comportmei 
ilfter completion of the day’s observations, the cassette may be separate} re 
moved without danger of exposure, and may be taken to the x-ray depai 
for development and fixation. 


RESULTS 

In Fig. 3 is given an illu-stration of a complete coagelgram, obtained b} 
new t}’pc of apparatus. The result is identical with the previously 
traciugs, with one minor variation. With the new type of coagolgrap 
phasc of blood coagulation, the clot retraction period, is found to 
ateiy or shortly upon the completion of the gel-formation period. 
period, as previously recorded in coagelgram.s of the ozdginal tvTze, is 
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coiisideiabh slioitcnecl This is a icsiilt of the hou?aiital illumination ot the 
spceimen, as eompaietl to tin, \oiliejl one cmplosccl iii the oii^inal appaiatus 
The CMUCssion of sciiim hegins at the sides of the test tuhe 1 itci teaching the 
bottom and lop latcis ot the elot, tliueln easilt atcountiiig foi this niiiioi dis 
crcpnicj 

The technical pcifoiinancc of the lest has icmanied essciitialh the same 

In one tospcct this new attpatatiis affoids possibilities foi mote c\act, com 
parable ohsoiiations, as coinpaied to the oiigiiial appatatiis This point niaj he 
dealt with a little mote fulh, as it eoncciiis a most impoitaiit iaitoi of photo 
eleetiic observation 



T 8 9 

Minutes 

G — Complete coagoleram of blooa plasma r indicates initial formation of fibrin 

the nAaSI?* formation li in llcttos bCKlnnlne of clot retraction These points of 

divide tlic process of coagtilation into four phases vhlch ha\c been 
retSctlon period period (-) gel formation period (3) rest Period and (4) clot 

In general, the cuiiont output of ihc pliotoelectuc coll is eonsicleied pio 
portional to the illumination of the photoelectiie cell Tor exact obseuations 
h is impeiativc tlmt tlie emission of light js kept constant In our auangeinent, 
e\eu ^Mth the most peifcct stalnlizci of Ihc soiuce of light, jiossibihties for 
tanatioii in ilhimination of the pliotoelectuc cell still o\ist These ma> be 
otmd m ineonstaiit physical piopeilics of the content of the ^\ate^ bath, and 
0 the glass of tlie test tubes, and, as tlic mam souicc of eiioi, tlie coloi and 
JJcnsitj of the eitratcd oi oxalated plasma In oidei to o\eioomo these possi 
1 ities foi interfeience follow ing coiitiol, obsei^atiou is taken befoic each per 
oriaanee of the test 0 6 e c of eitiated plasma is pipetted off into the test 
^\hlell IS then placed lu the ^\atcl bath, v.ithout the addition of the cal 
i^nim chloride solution noting the deflection of tlie minor of the ampere 
as CMdeiit from obsei^ation of the lefleeted light onto the -window in 
^ e IkI of the apparatus, and further b> noting the exact position of the lotated 
oa\anometei, the illumination of the cell may be kept at ant constant, aibi 
arily chosen talue, tMth the noncoagulated specimen in position bt the help of 
e coiiise and the fine iheostatic aiiangement Aftei this pieliminaiy contiol 
^enation is pciformed, one may proceed to the addition of the solution of 
chloride and the lecoiding of the process 
j Ibe last yeais, great interest has centeied on the applicability of the 

metric principle to quantitative colorimetry Sheard and Sandford^ ® 
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several years ago designed a pliotelometer for the quantitative determination 
of liemoglobin. During the last years Evelyn® has worked out a universal photo- 
electric colorimeter. 

It is reasonable to assume that this principle in the near future will be ap- 
plied to an increasing number of qualitative and quantitative determinations in 
the medical laboratory. So far, the nature of the methods published lias been 
of the static tjqie, requiring one reading for the actual, final determination. 
This is in contrast to reactions of the progressing type, an example of which is 
the process of coagulation of the blood. It i.s obviously practical to include an 
automatic recording for the determination of the progress of this latter type of 
reactions. 

The apparatus here described has readily lent itself to observations and 
recordings of other reactions of progressing nature as ivell. A report of tlicsc 
investigations is to be given at a later date. In a following paper we are 
presenting a preliminary report of the application of this apparatus to the read- 
ing of the Wassermann reaction.*'’ 

Having been convinced by our investigations that the apparatus is appli- 
cable to a variety of progressing processes, ive propose to term this apparatus 
phot eJ graph. 

SUMMARY 

A description is given of a new' transportable apparatus for automatic 
photoelectric recording of the coagulability of the blood plasma. 

The apparatus is also applicable to other progressing processes, vhic> 
during their progression effect a variation of light transmitted through t le 
specimen under observation. 
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PREPARATION or LIVER iVIEDIA* 


D E n\stt\,jMD, \\D II ScnMTpR 
Dptroit, Mich 


■^HE \alue ot Inei media foi ciiltuiin*' oiganisins of tiie biutella gioup seenib 
defimteh establi'^hed Tbej aic ^atisfactoij not onh foi stock cultuies, but 
also foi then piiniai^\ isolation "With the ineicasc in demand foi the laboia 
tor} to aid m the diagnosis of nndulant fe\ci, it is adiisable that all laboiatories 
have propel media foi the successful (iiltualion of the biucclla oigamsms 
It has been oiu e\pciiciice that main uoikeis cneountci difficult} m the 
preparation of luci media 1111110 following diiections which haie been published 
up to the present time It is tlie piuposc of tins papei to gi\c a simplified 
method which mai be easih applied, c\en m those laboiatoiies which ha\e but 
limited oipupinent The method follows the same gencial Icchnique as is gi\en 
foi the piepniation of hoimouc agai ' The ingiedients used foi Inei agar aie 
as follows 


Beef h\cr 

1 pound 

Tap water 

lOOf) c c 

Peptone 

10 gm 

Salt 

5 gm 

Agar 

25 gm 

Egg, whole 

1 

^/1 « 0 (luim Ii\(lro\i<lo 

9 c c 


The fresh beef luer is passed tluough a moat gnndei and placed in a 
suitable containei The watei, peptone, salt, agai, and egg aio added, and 
'■uth constant Stirling the is heated o\er a lice flame to a tempciatiue 

0 70 C Pifteen to tw enti minutes aic usualh leqniicd to attain tins tcmpeia 
uic The sodium IndiOMde is then added and the contamei is placed in an 
luold steiili?ei and heated in flowing steam foi sl\t^ to nmet'\ minutes The 
medium is then iemo\ed and the eoagulinn is caiefnll} loosened fiom the sides 
° tl'G (?ontainei b^ means of a spatula and allowed to lemain at room tempera 
uie foi fi\e to ten minutes If the clot is fiim and the liquid is pouied slowl}, 
''ill he obtained without the iieccssit-v of filtering It is our loutino 
Piocedure, howe^el, to poiu the medium tluough a small amount of glass ivool 
use\ placed in a funnel in older to rcmo\e the laigei particles which maj 
‘■"c sepal ated from the coagulum 

The medium is then placed in tubes 01 flasks a-s desiicd and sterilized b} 
autoclaving at 15 pounds piessuio foi twentv minutes A slight sediment mav 

Pcai autoclaMiig, but will not mteifeic with the cultural ^al^e of the 
r^eduim 

I^cpiitnient of Bacteiiologj College of Medicine Wa>ne Uni\ersit> Detroit 
for pnhlicatlon April 27 1S38 
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DISCUSSION 

Tile greatest probJein eueoimtered in the preparation, of liver media has 
been the fine, floccular pieces of liver tissue ivlucli make filtration a difficult 
process. The method herein described overcomes this difficulty by the formation 
of a fairly firm eoagulum irhieh holds these particles in one large mass A 
suitable container appears to be of importance in obtaining this result 
have been using an aluminum ivater pitcher of 1,S00 e.e, capacity mith satisfac- 
tory results for one liter lots and find it especially suited for pouring the medium 



Fjg. 1. — n, Appearance of coagnlum after heatins in Arnold sterilizer; U, coaeulooi 

by careful pouring. 




slowly witliout disturbing the coagulated mass, thereby eliminating 
sity of filtering, except for the use of a small amount of glass vool as 
above. Filtering through cotton, paper, etc., is to be ai'oided. 

Twenty-fire grams of agar per liter are used to give a firm, dry me uu> 
which the organisms grow best. Better results are accomplished 
gramilafed form, rather than the shredded form, of agar is used. 
peptone has been used in the past with good results, we are at the presen 
usinfit protcose-pepfone. 


the nuees- 
explaiacd 
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Huddlcson^ icpoits tlml niombcis of the hiiicella gioiip glo^^ best at oi neai 
a pH of 6G, and it has boon om pcisonal CNpenence that media nitli a pH 
of 66 to 6S gnc an abundant giowth, being nioie suitable than media hating 
a pH of 6 4 to 6 6 Wo hate locommcndcd, thcrefoio, tlint amount of sodium 
luihoNidc to be added so that the pH ol the finished medium uiU fall in the pH 
range of 6 6 to 6 8 Aftei iiiaiij tiials in piepaiiiig the medimn as dnected abote, 
we liaic found that tUo pH of each miNtuie bofoic the addition of the sodium 
lijdiONide lias been Horn 6 4 to 6 6, with the addition of 9 ce of N/1 sodium 
liidroNido per litci the jiH uses to 6 8 to 7 0, and uifh antodating the pH 
falls to the lequiied 6 6 to 6 8 langc We bclictc that these same pll tallies 
will be found m otlici laboi atones, hottctei, ttc adtise that jou elieck tlie tables 
at the stages mentioned and detexmme the e\act amount of sodium htdioNide 
iieccssaij to obtain a final pH of 6 6 to 6 8 imdei tom paiticulai ttoiking coiidi 
tions 

The same diicctions aie follotted foi the pieparation of litei bioth, the 
ingredients aic tlic same CNcejit that no agar is used We find that 9 c c of N/1 
sodium htdroNide pci btei git cs a final pH m the 6 6 to 6 8 lange 


SUtltltBt 

-V simplified method foi the piepaiation of htci ngai and litci broth has 
been described 

RETEBENCES 
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AN apparatus for CONTINUOUS INTRAVENOUS INJECTIONS IN 
UNANESTIIETIZED ANIJIALS* 


ALFiicD STENacci, Jk , MD,f AND Harki Jjf Vars, PhD 
Philadelphia, Pv 


THP iincstigiUioii ot methods loi the coiiliol of h} popiolLiiiemia il betamc 
Jiccossai\ to xitihze an appaiatus wludi would peimit of continuous in 
havenoiis injections Since the injected solutions weic gneu o\ei a period of 
H u.ts essential lliat tlie animals be allowed as mucli fieedom of movement 
possible "We woie paitieulailj Jiiteiested in 115111 " a method winch permitted 
'aiious rates of flow, fieedom of movement of the animal, stenhtv, and 
The appaialus suggested Jacobs* was fiist eonstiueted, bnt it 
Proxed unuhable foi contnmmis use, and not fie\ible enough foi specific rates 
flow theiefoie, desised 111 pait, a new apparatus, utilizing such paits 
° Ihe J acobs’* set up as proved efficient in oui hands 


^’*‘'*'*®°** Department of Surgical Kesetreh School of MetheJne Unhersitj 

ttoman FeJIow in Medicine 
received for publication May 13 1338 
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A large Erlennieyer flask (two liter size) (Pig. 1, A), acting as a reservoir 
for the injection fluid, was connected to the intake of the pump (Fig. 1, B) 
by means of a glass tube extending from the bottom of the flask up throiigli a 
two-lmle rubber stopper. The air passing into the flask was kept bacleria-free by 
filtering through cotton. 



Fig. 1. 


• 0 

■\Te incorporated in the mechanical pump (Pig. 1, B, C, and D: 

Die principle utilized by DeBakey^ in his transfusion apparatus. An 
motor, driven by direct current (Fig. 1, C), equipped with a .speed le 
(Fig. 1, D), ratio 3,300:1, furnished the power used to drive a ^ 

(Pig. 2, B 1) on which were mounted two vertical metal rollers (Pi?- 
These rollers revolved about the central shaft in such manner that 
times compressing the specially constructed DeBakey rubber “piunpui.^ ^ 
(Pis. 2, P) against a .series of metal collars (Fig. 2. B 4) which cami 
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Hinge attached to the tubing (Fig 3, L 1) Tliiee bolts (Fig 2, B 5) passing 
through each collni bold the tl.iiige (Fig 2, 77 3), semng thus to hold the pump 
iiig tubes firmh in pl.ice To l.icilitate the dismuntling ot the pump and the 
rcnimal of the pumpiiig tubes wbcii not .ntiialh in use, the mounting of one 
of the metal lolleis (Fig 2, B C) was niiangcd so that it could be piloted (in 
toto) about the ceiitinl shatt 

The motoi speed iias contiolkd b\ a suitable ilieostat and a leiolution 
couiitei Mas attacbed to tlie shaft beaiiiig the lolleis The amount (\olume) 
pumped pel icioliition pci tube Mas 23 ec Tliiee pumping tubes could be in 
simultaneous use foi sepaiate niicttions the fluid being foiccd by the lollers 
through the tubes iii a cloclvMisc diieetion 



Fie 2 


The output of the pump Mas coiiiiceted bj iiibbei tubing (1 ig 1, /’) to the 
^ Jacobs’ SMiiel unit (Fig 1, G) A glass “T” tube and clamp (Fig 3, 
) sened to tiap an bubbles The smucI (Fig 3, G and H) consisted of a 
®Jinige (Fig 3, 7/ 1) mounted on the top of a holloM metal tube 
1 h° ^ bottom of the pliingei Meie cut off and the parts Mell 

7/ The metal tube tinned ficeh in an outei metal housing (Fig 3, 

j and the sjnnge Mas kept m position bj a cap (Fig 3, G 5 and 77 5) 
^C'lred bj spungs (Pig 3, G 6) attached to the bodi of the outei housing With 
hou* «as a duplicate of tliat desciibed bj Jacobs ’ The metal 

sid***'" k'H'i mounted on a caiiici aim (Fig 1, J) saiiiig fiom the 

rob means of a seitical metal tiack (7 1) and 

“ healing Mheels (Fig 1, J 2) mounted on the aim, upuaid and doMuiMard 
inf> “lone Mcie possible The caiiiei arm Mas coiintcrii eighted by pass 
Mire fiom the top of the sMiicl (Fig 3 G 7) oiei a laige Mheel 
« f 7i) mounted aboie the cage 
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A sprocket eliaiii (Pig. i, jr,) and rubber tubing (Pio-s 1 and 3 Pi 
l.« as ,hc dog ttuTOd the strivol tvonld also tan. Mit “ aS 

a,- . A ~) incorporated m a plaster collar about the dogs neck. 



Fig. 3. 


Fis- I- 


The actual in.jcction takes place througli a soft rubber catheter (Fig- F ^ 
% T exiernal .jugular vein. The eatlictcr and its proleeting rubber shcatl) 
U* ig 1. T 2) were run from the side of the neck, along the metal plate, lln-mieb 
the plaster collar, and finally up along the chain. The catheter was atfaelietl b.v 
a suitable adaptor (Pig. l, p 3) to the ascending rubber tube (Pigs. 1 and <l Ph 
the .puietion being held firmly hy a small tube clamp. 

Tlie fluid is pumped from t)ie flask to the external .jugular vein, throu-h the 
“pumping” tube, the sirivel, the lower tubing, and the rubber catheter. At (be 
start of each experiment due precautions were taken to insure the absonfc 
air bubbles from any part of tlie route of fluid flow and assemblage was effoftf-J 
under sterile precautions. 
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Tills ajipaialus Ji is Ikcm icik itcdh used ioi conliniious iiituncnous in 
jcctions m do^s, one loi pciiod ol lomticn da\s Tlic} wtic al)lc to ^\andcl 
about tlicii metabolism ta^ts, lu down, stand nj), and tiuii about, without an} 
(lifficultN Uiinc was collected tliiouj'liout the cxpciimcnts, and the dogs weic 
citheteiizod at suitable intcnnls without dl^ieult^ Blood samples weic taken 
dul} without ineoincniciKc 

Injections weic made at lates ^anlng fiom about 21 cc to as much as GO 
cc 01 moic pel lioiu A nuniboi of solutions ha\c ahead} been tried All the 
parts weic casih stciili^ed, and sleldlt^ was in iintanicd foi the duiation of the 
injections 

HU J m NCI b 

1 Jacob*! IT P D Apj)'intii‘^ for Con‘‘lnnt noii'> Injpcfum Into Unrr‘'tmincl 

\Dirml«, T L\n Cn\ Mid 1 G not 

2 DuRiker, Xt E Simple Continuous 1 low niood Tran'^fu'^ion Instrument \iu Orlean 

M & S J 87 '•Sti, ] 0'*4 


PIIOTOBLnCTBIC COLOR IMBTRY* 


in Qu\NTiTVTi\r I)nr itMiN \Tio\ 01 BiooDGncosr Bioon CrioirsxrnoL 
Sfrum Pnosi’iioHus, Pi \sm\ Protfins \np 1 ri\i Slovr 


Jfromf E Andes, Ph D , H D , vnd D\md Noriiiup, Ph D 

jrORO\NTO\\N, AV V\ 


^ PlSCliSSlON and dcsciiptiou of photoelceiiic coloiimcteis ha^o been 
guen in the two picccding papois of this senes' AVc onl} wish to state 
that the methods listed below aie not new methods but aic standaid piocediuos 
adapted foi use with a photolcctiic eoloiimctci In addition, wo ha^o gnen 
Clines foi use in each pioccduic and pointed out the 1^pe of filtei tliat wc ha\e 
found most satisfaetoi} 


use or Tiir instruhent 

Details foi using the coloiinictci aic cneii in consideiable detail in botli 
preceding papeis,' but toi con\cnieucc will he biiefl} lepeatcd The instiu 
'Dentf should alwajs be turned on fifteen to twent} minutes befoie it is used 
to allow it to “heat up," and Iheiein leacli a constant output The glass cup 
cell IS then filled with watei (oi a hlauk of the leagents), placed in the in 
stuiineut, the milhampeiage output of the photoelcctiic coll set at some definite 
(0 40 Ha ), and the gahanometci adjusted to the neiitial point with the 
trausmission set at 100 pei cent Then the cup is filled w itli the solution to he 
and the light tiansmission obsei\ed, the output of the photoelectric cell 
heuig held at 0 40 Ma all the time Fioin the eune plotted foi tins deteimina 
coneentiation of the unknown is read olf diiccth 

School'^Uo’JlgjJlj^ departments of Patliologry an! Plijsiolo^ We*!! Virginia University Medical 
Jlecenel for publication Maj 19 1938 

this '' complete dcsciiptlon of the Instrument are given m the first page of 
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If filters are used, the current output of the pliotoelectrie cell is loo tav to 
be read accurately; consequently, llie output is adjusted (0.40 Ma. or .some con- 
venient figure) without the filter being in place and the voltage noted. Then by 
means of a voltage regulator, the incoming voltage is held at this valim all 
through the adjustment of the instrument (Avith the filter in place) and the 
reading of the unknown. Of conrse, if tlie voltage is relatively constant, lliis 
voltage regulator is not needed. Additional points in the use of the instnnneni 
are given in tlie procedure.s listed in this report. 





Fip. 1. — Photoclect- : 



: r:.;oo:un curve lor the blooel glucose deteririinatioii 


(no «««'•>■ 


<]P- 


IJLOOD OEUCO.se 

Principle . — Blood proteins are prcc-ipitatod by whatever procedure is 
sired.'' Tiio 1:10 blood filtrate is boiled with Folia’s alkaline eoppof 
in a Pofin-IVu .sugar tube. Cuprous oxide is formed in proportion to the am 
of reducing substances (sttgans) present, wliieh wlien treated tvith P’O- 

•The tipual precipitatinp uKcnt used is tunfr-stic acid (seven 
volume of Wood, one volimio of 10 per cent sodium tunp.state.^ and one U zlo?). '' 


.acid). However. tunKstic acid filtrates Give vaiue.s about 20 ms. 


yeniep 


■ le iivio ...o- are '’•■'.Inn, 

radmtiim* is used as a precipif.-itins agem, the nonglueose i educing vonccnV*’ 

along witli the protein, and the Onal vaUie.s arc verj' close to the actual gluco. 
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mohbdic acid foims a blue coloi in the solution Tioin the degice of light con 
duction of the blue solution, the sngai conccntiation is obtained fioin the cm\c 
/’/ocff/aiC'— Pipette 2 ec of 1 10 piotcin fiec blood filtiatc into a rohn 
Wii sugai tube, and add 2 e c of alKaline coppei solution ^ Heat lu a boilmg 
watei bath si\ mnititca, place immediatch m cold uatei toi about tinco minutes, 
and add 2 cc of phosphoinoh bdic atid f WJien tlie bubbling has eutneU 
ceased (one to tuo minutes), make up to \oIume, mis ucll and find the light 
transmission of the blue solution wilhonf a filtci 

III malvuig the piiotoelcctiic mcasiuomcnts adjust llio instiumcnt at 100 
mill a ciuient of 040 Ma uithout using a filtci, and uitii the cell (cup) filled 
mth distilled uatci Using the laluc foi the light liansnnssion of the nnknoun 
solution, tile glucose eonccutiationj is obtained diieetle from the cune m Fig 1 


SU(.\R IN URIM 

Pnnciplc — Uunc that has boon shoun to contain sugai b\ the qualitative 
Benedict test ma\ be aiinlj/cd foi glucose in the same mannci as foi blood If 
protein is picsont, it must fust bo iciuo\cd 

Proccdinc — Aftei the mine has shown a qualitatnc test foi glucose, test 
for the presence of piolcin If piotcin (more than a tiace) is picsent tiaiisfer 
I cc of mine to a 50 e e \olumotiie flask, and add 20 to 30 c c of watei foi 
lowed hi 1 cc of 10 poi cent sodium tungstate and 1 cc of 2/3 N sulfiuic 
acid Hake up to lolumo, mi\, and filtci If piotcm is absent, dilute 1 ce of 
filleied mine to 50 e o with distilled watci 

Usmg 2 ee of the 1 50 diluted mine inoeccd as with blood filtrate The 
lalue obtained from the cur\c is multiplied b\ *» to gne the glucose concentia 
bon m mg pci 100 c c of uunc K a \ci\ higli sug.u content is known to be 
Piescnt (from the quabtatne test), dilute the mine to 1 100 instead of 1 oO, 
andmultiph the final ■\nlue 1)\ lO 


PLOOD CnOLCSTEROL§ 


Principle —Tlie blood oi scium if> diied on a suitable medium the choles 
fcrol extracted with ehloiofoim, and tlic coloi developed bj means of the Liebei 
iiiann Biuclmd leaction Fiom the dcgiec of light tiansuussion of the coloic 
sointioii, the cholesteiol conceutiation is obtained diieetl> 

P>occdu)c - — Accuiatelj mcasiuc 05 cc of blood (oi scium) into an eiapo 
fating dish and tlioiouglih mix A\ith about a teaspoonful of ftcsh plastei of 
Pans Allow to stand about tliul^ minutes (oi heat fifteen minutes at 120 
B) H Noay transfei to an exti action tluiiiblc of a suitable size to fit into the ex- 


(cJe to .n^puntles) decent Into 
a 1 Acid To 35 gni of moUbdic ncid and ^ 

Bou add 200 cc of 10 Per cent sodium lijdroxldo 200 cc of 

^cIumo 


to SOO 


^ obo\e 300 mg c-^nnol 

Of content is present ( 

a Uie deteir 
water gives the 

_3fn}s I 5 CSSiPnfiolh 


dlls method (dlroctlv) If 
v\ith one or more volumes 
from the curve multiplied 


Drektcr^ found that the blood <«* serum ma> be on 

^ol'ent it extracting medium must be a mixture of absolute alcohol and ether Tl 

'• *8 evaporated to dr>ne&s afiei c^tiactlon is completed 
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traction apparatus shown in Pig. 2," and insert in the extraction tube. Add 
about 10 e.c. of cholesterol (or alcohol-ether niixturef) and extract for thirty 
minutes. Eemove the condenser tube, lift the extraction tube a few centimeters 
above the surface of the hot plate, and allow the tube to evaporate to drync&s 
to remove traces of water. Now add chloroform to the 20 c.c. mark, and tlion 
add 4 e.c. of acetic anhydride and 0.4 c.e. of concentrated sulfuric acid, llix 
and find the minimum value for the light conduction in the photoelectric 
colorimeter (lowest reading) . Tlie greatest intensity’' of color is re<ac]ied be- 
tween fifteen and twenty minutes from the time the reagents are added. 

To Drain To Tap 


\ -■ : i 




Pig. 2. — Cholesterol extraction apparatus. 


The colorimeter is previously adjusted to 100 with a No. 29 1 \ ratten i 
(using 0.40 Ala. current without the filter) with water in the cup. Prom 
minimum light transmission value, the concentration of cholesterol is oil o’ 
directly from the curve in Fig. 3. 


SERUM PnOSPIIORUSj 

Principle . — The protein-free serum filtrate is treated with mol.vhdic 

ind a reducing agent, and the light timnsmission of the resulting blue so i 

. ^ 


nea.sured. 



niction 
ube of 
s .cho\v.__ 

tSee footnob’ i 


tSee footnob’ ■ page r.31. 

}This is osscntially the method of VounKburc and Youngbur;! 
lectric instrument. 


modifled to At the P’-'’"’ 


AXIttS-NOKTHUr, riiOTOCIXClRIC C01.0l!l\tcn!\ 


5!3 


Pioceduic — To 1 ce. of l)loo(] semm, add 5 cc of disiillod water and 4 co 
of 20 poi- cent tiiciiloi acetic aeid Jh\ 11611 and filter tluougli ashlcss filter 
paper (Wliatmaii Ko 40), rofilteiing if iicccss,ui to get a clear solution Tiaus- 
fciTicc of the filtrate to a 2.") e e \ ohimeti le flask, and add 4 c c ot mohbdate 
reagent' niul 1 ec of diluted stannous cliloiide solution t Jlis, let stand fifteen 



'.V 1 



3 — Pholoekctrlc llslit transmission cuiio for blood cholesterol ilelcimlnanoti (No 63 
IVrattcn nltoi) 


>»miitcs, and dilute to lolumc (25 ce ) ncteiraine the light transmission as 
soon as conienienth possible The coloiiineter is equilibrated to 100 tvithoiit 
(using 040' Ma ) with uatei onh m tlic cup The concentration of 


; acid one ^o^unlc 


7 5 Jlpft^ent Pitpare bj nuxing- one \oIume of 10 sulfuric acJd 

ift sodium mobbdate nnd tno volume-* of Mater «nA .s ,, ctat. 

2S2 cc of toncenti itetl sulfuric ackl 'Mth about 600 cc or nator, 
7? \oiume lip to 100 c c Jn a giaduited evlmder 

'iloh/hdote Dis'^oUc 7 5 gm ofvei) P«'® n^ll^ 
flitcr \olumo up to 100 cc Add 3 sm of noiit (iniiiflcd bv acid), shake mcii. and 


Chloride Solution Trcpaie n stock lolution bi FJ". 

Convccu 0 c of conccntiated hvdrochlorle acid ICeep In a bioun botlJe (in a refrigeiatoi 
Miih flacL diluted solution i** prepited bv diluting 1 cc of the «=tc>ck solution to 100 

^ter The latter must be piepated fiesh everj dav 
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serum phosphorus is obtained directlj’’ from the curve in Fig. 4. For values 
above 10 mg., dilute the blood filtrate with an equal voliuiie of water and re- 
determine. 

SERUJI OR PLASJIA PROTEINS^' 


Principle . — The total proteins and albumin are determined by digestion 
with selenium digestion mixture and estimation of the nitrogen by nessleriza- 
tion. T)ie globulin is determined bj' the difference. The albumin and globulin 
fractions are separated by 22 per cent sodium sulfate. 



Fig. 4. Fig:. 5. 


Fig. 4. — Photoelectric light transmission cvivve 4or serum phosphorus determine 

■ (Xo. 4T 

Fig. 5. — Photoelectric light transmission curve for estimating plasma piotcms 
t\'ratten filter). 


Procedure . — (a) Toied Proteins. Dilute 1 c.c. of plasma or serum ‘'y ^ 
water (or 0.85 per cent sodium chloride) to 100 c.c. To 1 c.c. of this materia 
pj-rex tube (graduated at 50 c.c. — a nonprotein nitrogen tube will 
mirablj*) , add 1 c.c. of the selenium digestion mixturef and digest over a 
flame under a hood. Wlien the dense white fumes begin to fill the tube re 
the flame to a minimum, preferably not letting the flame actually ton 
digestion tube. Do not cover the tube with a watch glass or fiwnel.t o 

- ^ Scc Soil 

*A combination of the points in a number of methods v.'ith a few additions. 

Wu.’® and Reis and Powers.” . .f, 25 c.c. oj 

fScIcnium I?iffes(to7i .Vixiure. Mix 75 c.c. of concentrated sulfunc ahd 

S5 per cent phosphoric acid and add the mixture to 100 c.c. of water. Cool 
100 mg. of selenious acid. The solution should be colorless. condone®. ^*5? 

iCoVcnng the flask prolongs the time of digestion by allowing moisture precipka 

fall back into the tube. IVith care and rapid digestion there should be practical j 
of dissolved glass w'hen digestion is completed. 






AM>LS NOnTm!I‘ PHOTOUCCTiUO CO! OMMCTRV 
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(he digtsiioii until the m.ituj.i! is {sstiilialh elcni Occ<isioinll} a slight bimin 
flocculation (scleiimra^) icinuiis m the tippet iiait of the tube Neglect tins 
as it floats oil tiic siu fiict, of the Inpiul all Ihtotigh the sueocGtliiig steps The 
entire digestion peiiod shoiihl oecuin about foiu to flic minutes 

Cool ami dilute aiith w.itei to about 30 cc , add 15 ee ot Nesslei’s solu 
tioii,* ami make up to aolunie (50 et ) iiitli uatei 3Ii\ at onto and deterimne 
the light tiansmission using a No 47 'Wialteii light tiltci and a cuiieiit of 040 
Ih (without the filtci m place) Tiie eoloiinieter is (list adjusted at 100 with 
the cup tilled with a blank of tlie leagcuts (lee of digestion mistuic + 34 ce 
of water -t 15 c e of Ncsslci s solution) 

The coiicentiation of piotcm is found diieitli fiom the cuiie in Tig 5 
rroni this laluo must bo subtiacted a collection toi the i>iotein eipiivalent of 
the nonpiotein lutrogen I’oi bloods «ilb an appio\ini,iteh noiinal noiiprotcm 
nitrogen concentration, this eoneetion is appioxmiatelj 0 20 gni of protein 
ff the iionpiotcm nitiogcn is giealls clcsaled Us eonccntintion should be 
actinlh deterninied in the plasma (ot sctiim), using the method guen in paper 
iV and nmltiphing the lahic so obtained In 000G25 to gne the piotcin eoiiec 
lion 

1‘nccdwe foi Albumtn — Add 1 ec of plasma (oi scium) to 60 ce of 22 
flet cent sodium sulfate, f tm\ and allow to stand one to two boms ot until the 
piotem begins to flocculate It is best Kept m an inrnbntoi (37° C ) duuiig tins 
Ftlter thioiigli No 40 Whnimnn filtci pnpci (oi some sera letciitivo 
paper) The fiisl patt of the iiiateu.al should be refiltored scaeial times if the 
trate is cloudj mid the fust 30 c c oi mote should be discaided t 
One enhic centimeter of the filfiato is digested and ncssleiized ,as with total 
protein The \aluc fiom Ttg 5 is nuiltipbcd hi 0 61 and the eoircetion fot the 
ooiiprotem nitiogen (0 20 gm foi iioiinal bloods) subtincted as foi total piotein 
gnes the alhiimin conceiitiation 

total'^''** eoneenttation is found bi sul)tt<acting the albumin from the 

,** h’ritem, the lalue being for seiuin oi plasm.a globulin depending on which 

*toce was analmed 


DISCI SSION 

^hc desitable featiues of photoclcctiic coloiimetij haie been adequatclj 
1 ^ of this sciics The mcieased accuracy and rapidity, 

aid ejtstram, and the ehmmation of the use of simultaneous stand 

*^^^^**^ notable points Hone\ci, a few additional comments 

o ^ mg the determinations listed in this papei aie indicated 
fJihf pointed out that the range of sugar -values from 0 to 300 mg is 

Only higher \ allies requne a second anahsis In this eoppei 
__^___J’oaction theie is a notable deviation fiom the actual -value when the eon 

H prepare the CouWe iodide according- to the directions ei%en In paper 

^"6 devible , ouciv directions arc also given in most laboratorj textbooks and manuals 

adtiiTf solution is ptepared bj mixing one volume ot the iodide -oith one volume of 
ffesh MAM? ► volumes of 10 per cent solium hjdroxIUe This solution should be pre 
"“r<3g?:a ° 5° three months It is the same as the solution used in the nonprotem 

tThin i ^ in papev II 

tAJbum'f should be kept at a temperature of about 3"” C to prevent precipUation 

ftltei paper After about 20 to 30 cc have been flitered the 
’’'^nangetj saturated -oUh the albumin and the lemalnder of the filtrate passes through 
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cenlration of the standard solution (as in tlie regular Folin-Wii procedure) is 
not moderately close to tliat of the unknown ; hence to admlhj cover tins entire 
range requires at least four or more standards instead of the two commonly used. 
The copper reagent deteriorates somewhat with age and should, tlierefore, te 
made up fi'esh about every six months; however, even using a reagent eighteen 
months old we have found the values obtained as close (on tlie average) to the 
actual figure as may be expected with the regular procedure. 

In the cholesterol method outlined, the range from 0 to 1,500 mg. per cent 
is adequately covered. In the regular colorimetric methods, a number of simul- 
taneous standard solutions would be required to cover this range. A nioic 
important point is that in the calibration of the curve (and in tlie analy.sh of 
unlmown solutions) the lowest transmission figure (most green color) is used 
instead of the color present at a specified time. We believe this to he an im- 
portant point as the time of maximum color production varies with a mimher 
of factors, making an inherent error in comparative methods. 

The use of three simultaneous standards is advised in the standard serum 
protein procedure ; an even greater number would be necessary’ if high values 
are to be determined. Also, the time required to prepare tlirec standards is 
aliout equal to that in making up the unknown. Yet another point is the de- 
terioration of phosphorus standard solutions, even if a preservative is added. 
The photoelectric procedure eliminates all these objectionable points. 

The selenium digestion mixture woi'ks excellently’ and obviates the necessi1,i 
of the use of hydrogen peroxide (and its inherent errors). Digestion is com- 
plete and a colorless solution is produced. 

As a final point we wish to state again that for greatest accuracy (aiw 
alway’s whenever feasible) the laboratory worker should construct his own 
curves by plotting the results with standard solutions. However, we lielieie t to 
the curves listed can be employed (using similar instruments and cquipnieu 
where values -witliin 5 per cent (±5 per cent) are satisfactory. It is doubt u i 
even this variation will be found. 


SUMMARY 

1. Photoelectric methods are described and conduction curves given foi 
quantitative determination of blood sugar, cholesterol, phosphorms, and p a® 
proteins, and for sugar in the urine. The methods described are standar 1 
cedures modified to fit photoelectric colorimetry. 

2. Tire advantageous points of these procedures are briefly discussed. 
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A CLINICAL GAUGL P''OR SENSITIVITY TO PAIN* 


Low \RD lloi L.v\Dru, Jt n , Ni w York, N Y 


S ensitivity to pam aancs eonsideiabU HI (liffeicnt indiMdimls As 
pointed ont bj Libnian,^ it is nnpoitant to bno^\ iiou a patient leacts to 
pamliil stimuli in oidei to piopcih etaUiate the samptoms piescntcd, es 
pccnlh in gutromtestnial and caxdiac diseases It is also lielpful in planning 
inani ioims of treatment to Kuou how a patient icacts to pam Algesimcteis 
saeh as are used in neurologic ni\estigations, aic not piacticable foi loutinc 
tlimcal ovaminations Lilinian tests tbc scnsUiMtj to pain In jncssing the 
finger on the stjloid process beside the mastoid bone Howe\er the degicc of 
pre^ure that the finger e\eits is not dctcimincd and is theiefoie an uncon 
trolled \aiiablc in the test 

The appliance lUustiated is emploied in a simple mannei with a blood 
picssure machine to deteiniine the le\cl at which a patient leacts to a painful 
stimulus It consists of an elliptical metal giater, 3 inelies ba 4 inches in size 
^'hich fits into a blood pressme cuff It is held in situ b> two slits in adhesuc 
tape U), into which two flanges of the gratci {3) aie mscited Tlie adhesne 
tape IS attached to the outside and the msidc of the blood pressiue cuff {3) 
'ffie cuff IS inflated slowly , at tbe rate ot about 10 mm of meienij piessure pei 
^'^roiid As the piessurc is inci eased, the piongs of the gratei indent but do 
puncture the slim, c\en when the picNsute is laised to the limit of the ma 
ciiine (260 mm meicuij ) The mdnidual is not infoianed wliat is being done 
that a spontaneous, unconditioned reaction to the examination is obtained 
^^tei the test the metal giatei is easih ierao\ed fiom the cuff, which can then 
e Used for measuinig blood piessuic 

The piessine on the giatei prongs that causes the patient to wince liie eje 
imoluntarilj is recorded as the sensitiMtj leael to pam Some patients make 
^ verbal piotest before wincing, such as “that huits " oi “that sticks ’ and the 
reading at such a moment is also taken as the sensitivitj leicl to pain 

•From the Manhattan State HouulAl New Xork 
necehol for publication Maj 24 193S 
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In hyposensitive persons, no wincing nor objection to tlie test occurs, even 
though the limit of the mercury column is reached (260 mm.). 

One hundred patients whose reactions to pain were loiovni, and who could 
be classified as hypersensitive, hyposensitive, or normally sensitive, reacted to 
this test as follows : 

Hj-persensith e gioup (27 pei cent), the sensitivity level v\as below 110 lum. 
pressure. 

Hj’posensitive group (29 per cent) showed no sensitivity to pain even Bt 
260 mm. pressure. 

Normally sensitive group (44 per cent), the sensitivity level vas between 
110 and 260 mm. pressure. 



In the hypersensitive group, extremelj’^ sensitive patients reacted as Ion os 
40 mm., though the majority in this group reacted about 90 mm. In f*'® 
mall}’^ sensith'e group, the majority of patients reacted about 150 mm. 

This gauge vas made by the W. A. Baum Co., New York. 


1. Libman, E.: 
1934. 


REFERENCE 

Observations on Individual Sensitiveness to Pain, J. 


A. it. A. 102: 335, 



THE KOUTINE USE OF CONCENTRATION AND CULTLRE METHODS 
FOR THE DETECTION OF TUBERCLE BACILLI IN JHCRO 
SCOPICALLV NEGATIVE SPITA AND OTHER 
BODY FLUIDS* 


EuzAiiLTii PiTTH^N, Pii D , \Nn C Ain?LD Plrr\ Sc D 

B VLTIMOKT , Md 


PvURING the past few ^ens a stiuh has ken nuuk on the use of (oncintiatne 
^ and enltnral nlcthod‘^ foi the iceo\cn of acid last bacilli ftom sputa and 
sach bod^ fluids as pleural, spinal, mine, pus etc found to be ncfrati\c on ducet 
microscopic examination 'While the number of cxtia positncs obtained with 
sputa aftci concentration oi cultuic has not been laigc it is felt that the addi 
tioml time and mateiials ic<pmcd ha\c been justified The methods used and 
the results obtained duuns: 3937 aie lepoitod hcic 


sruTv 


All waten specimens of sputa wcie ceutiifused ioi twenty minutes, the 
supernatant was discaidcd, and a smeai was made fiom tiic lesidue Smoais 
'^ere made from mucoid or nuicopurnlent specimens dncctlj Tlie Ziehl Neelsen 
tufitbod of Stamm" was used All specimens wcie exanunod microseopicnlh 
'ind those which wcie negatuc aftei a caicful seaich wcio digested and cuUmed 
Vet/iods of Concentration "—One pait of sputum was digested with two 
lo fi\e parts of 4 per cent sodium h\dto\idc which had been steiibzed bi auto 
ela\ing The amount of sodium In dioxide used depended on the chuaetei of 
the spnturn It is essential that the mucus and pus be dissoUod I ifteen cubic 
centimeter pjTex centnfugc tubes with rubbei stoppeis weie used Tiic mixtmt 
''‘IS shahen b^ hand until it was eompleteh in solution The tubes weie then 
placed m the incubatoi at 37® C fox tlnit} minutes and subsequenth centnfnged 
high speed foi twentj to twentx fixe minutes The supeinataut was leiuoxed f 
and the sediment neutialized xxith hxdioehloiic aeid using biomthjinol blue as 
mdieatoi A 2 5 N solution of lijdiocliloiic acid was used to bimg the pH 
lo approximate neutrality A 3 pei cent (See concentiated hjdiochlorie acid 
le 97 ee xiater) solution of hjdrochloiie acid was then used foi final titiation 
\pH 70) Centi if ugation foi twenfx minutes was again necessaij to pack the 
sodiment so that a smeai of the digested material could be made 

A ceitain numbei of specimens xveie concentiated bx the feme ehloiide 
^oceuhtion method as deseubed bx Hanks in 1937^ Since the time of tins 
publication, Dr Hanks lias found flocculation with alum superior to that with 
^2f^ehloride2 Wchaxe not, as xet, tiicd tins lattci mctliod We agiee xiith 


‘J'rom the Buteau of BactertolOfcN XtarjUnd Stite Df'partnjcnt of Health Baltimore 
for publication Ma> 24 J938 

scum ana P^«'^ent time the niKWle portion of tl e wernat int Is jliscartle 1 an 1 the top 
'^eilment resu«penlel In about 0 2a cc of tlic supernatant and planted 
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Dr. Hanks that centrifugation alone of the sodium hydroxide digests is not 
sufficient to collect all the tubercle bacilli and we anticipate carrying on furtkr 
work on this problem. 

All smears of concentrated material Avere carefully examined. About five 
to seven minutes were spent on each.slide. 

Method of Culture. — Petragnani's medium was used in screw-top tubes vvitii 
cork washers. This medium had been found rather generally, as well as in tiie 
experience of this laboratory, to be supei’ior to most other media. The screiv- 
top tube has been found to be the simplest way to prevent drying of the culture 
medium. No appreciable drying of the media could be noted even with oW 
cultures, yet these could be easily aerated by opening the tube each week at the 
time of examination. 

The sediment remaining after the “concentrated” smear had been made was 
suspended in sterile saline*” and planted on one tube of the medium. Tlic 
inoculated tubes were placed in the incubator in a horizontal position for twentv 
four hours to allow’ the inoculum to adhere to the surface of the medium. Thej 


w’ere tlien transferred to racks. 

Exavmiation of Cultures . — Cultures were inspected at approximately weeklj 
intervals and smears w’ere made of any colonies developing. All acid-fast bacilli 
isolated were inoculated into guinea pigs and their v’irulence determined befom 
they W’ere considered tubercle bacilli. Saprophj’tic acid-fast bacilli were qmte 
frequently encountered ; in young cultures they were impossible to differential 
from true tubercle bacilli, though their colonies could be readily differentiate , 
in most instances when older. All cultures w’ere held three months befoie ns 


carding. 

Results Obtahicd by 'Examination of Concentrated Smears . — Smeai'S o 
concentrated material were examined from 796 sputa negative on direct 
tion. Tw’enty-three, or 2.9 per cent, were found to be positive for aci - as 
bacilli. Eesults according to the method or methods used in each case i 
given in Table I. Ail specimens were similarlj' treated with sodium hvdiox 


as described above. 


Table I 

Acro-P.vsT Bacilli Found on Examination of “Concentrated Smears’ 


METHOD OP COLLECTION FROM SPECIMENS NUMBER 

NaOH DIGEST EXAMI NED POSITIVE 

(a) Centrifugation only 484 lo 

(b) Ferric chloride and centrifugation 171 4 

(c) Both methods (a) and (b) applied 141 4* 

to equal portions of the same sputum 

Total TUG 23 

•Two rvere positive by botl) methods, one only by method (a) and one oni> 


number 

POSITIVE 

15 

4 

4 * 


per CESV 

POSITIW 


by irWlllO'l 


Ploccnlation with ferric chloride did not increase the number of 
The 23 positives obtained mieroseopicall 3 ' bv “concentration” comprise 
cent of the total number of positive specimens obtained diu'ing 4 

tures of these 23 specimens t’ielded tj’pical tnbci’cle bacilli in inslh” 


footnote t page 
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wiic iics.itnc, ami 2 uiisatisfactoii due to toiit.inniuilioii It seems liKcIj that 
the acid fast bacilli loimd in 4 ot the 6 iie"aliio oi unsatislaeton specimens 
weie tiibeicle liacilli since tipieal tnbeieic bacilli neie lecoceied in otliei speei- 
iiieiis fiom those indi\idiials Hatch acid fast bacilli liaie been found niieio 
scopicalh in concentuited matciial mIiicIi on culliiie .Molded oiilj sapi oplytic 
oiganisnis One case (not included in Table I) «as paitieiilaili niteicstiiig as 
a fen acid fast bacilli Mere found in 2 of 3 specimens fiom the same peison 
taken on difieiciit dais Onh sapiopli.i tic acid fast bacilli mcic cultnated fiom 
all tliiee specimens 

Ucsulh OhtniHcd hij Cidtininq Mici oicopically Xeyniue Spiitd — A total 
of 5")') sputa found to be ncgatiie foi acid fast bacilli on mieioscoiHc e\ainina 
tioii of siiicais made directh and after conecntiation Mcie lultiiied Fiom 
25, or 45 pet cent, tiibciele bacilli mcic isolated SiNt\ one, oi 11 0 per cent, 
iieie inisatisfaetoM due to eontaiiiinatioii Subtiacting these iinsatisfactorv 
culluies tiom the total, the peiecntafie ol posilnis is mticased to 5 0 The 
results b} the difleicnt methods used foi collection of the bacilli fiom the 
digested matciial aie {rnen in Table II 

T\Di.r II 


TuBErcLE Bicini Obtmnfo b\ CULTorisc Microsi one illy HEOATira Sputa 


METHOP or COLLECTION fTOJl 

NnOII PIOEST 

rosiTi\r 

NUilBEB PEP CENT 

V N S VTISFAC 

NEGVTUF 

XOTVL 

la) l^ntnfugation onlj 
/ N cliloriile ani centrifugation 

(c) Both methods (a) and (b) applied 
to equal portions of the same 
sputum 

10 

2 12 

33* 0 4 

20b 

330 

321 

32 

2C 

3 

251 

107 

137 

Total 

25 «> 

JbD 

G1 

553 

of these >%ere positive bj both methcMl« 3 m 
’•‘• niriiugatlon alone was used for collection of 

ere positive bj the method 

where 


One hundred and tliiitj seieii of tiic aboic sputa mcic diiided, and equal 
portions Meie digested and ‘*eonecntrated*' bj each method These specimens 
'rere selected, as fai as Mas possible, because of suggestne case histones 
Tubercle bacilli Mcie isolated from 13 (9 4 pel cent) Mhcn onlj centrifugation 
'roB used, and fiom 11 (SO per cent) mIicii fcirie cliloiide and centiifugation 
^ere used Statistical!} theie is no significant diffeience in the lesiilts obtained 
J the tMo methods on the same specnneiis Of 251 sputa Minch Mere digested 
Wd “conceiitiated” b} ecnfi if ligation praeticallj 4 0 per cent jieldcd positue 
tultmes, Millie of the 167 mIucIi mcic digested and “concentrated” b} floecula- 
‘>ou Mith feirie clUoude and centiifugation, 2, oi 1 2 per cent, positiie cultures 
"■ere obtained In oui hands, floeculation Mith feme chloiide has not proved 
of value 

Eighteen and tMO tenths (18 2) pel cent of the total number of positive 
sputa for the }eai Mere obtained b} eitlier the "coneentiated smeai” or by 
culture Such an increase in the number of positives ivoiild seem to justify 
■“cse CNammations Should the pressure of work ho such that both examinations 
'■'"not be made, the cultuie method alone is indicated by these results Usmg 
me culture method alone, hoMeicr, 6 of the specimens positne on “coneentiated 
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smear” would have been missed since these did not grow out on culture. The 
culture method gave 40, or 16.4 per cent, of the total number of positives. 


BODY FLUIDS 


Method of Treahnent . — Preliminary cultures were made on all specimens oi 
spinal and pleural fluid, pus, and urine sent in for examination for tubercle 
bacilli. If these were negative after twentj'-four hours’ incubation, two or three 
tubes of Petragnani ’s medium and two guinea pigs were inoculated wifli ap- 
proximately equal portions of the specimen. Tire ground clot and sediment 
were used. Specimens which were contaminated or which contained a large 
amount of pus were digested by the method used for sputum. 

Cultures were examined as previously described. Some of the positives 
were found during the second week of inculiation, but most of them hecame 
visible during the third or fourth week. As soon as the cultures were found 
to be positive, the guinea pigs were examined for enlarged inguinal glands. 
If these were present and the animals had been inoculated four weeks, one was 
sacrificed, otlierwise the guinea pigs were held six weeks. At this time one was 
killed and autopsied. The other animal was held three months before saerifienig. 

Resnlfs of Culture and Animal Inoculations . — Cultures and animal inocula- 
tions were made on 84 body fluids. The results are presented in tabular form 
(Table III). 


Table III 

Body Fluids Examixeb fob Tubercle Bacilli 


— 

JCATERIAti 

MICROSCOPIC 

-f 

CULTURE 
% + 

Vns. 

-t- 

guinea 
% + 

PIG 

Uns.; 

total 

spECiwr-'''s 

Pleural fluid 

9 

17.0 

42 

19 

37.2 

30 

2 

13 

25.5 

33 

5 i 

5i 

Spinal fluid 

9 

13.3 

13 j 

5 

33.3 

10 

0 

4 

20.0 

10 

1 


Urine 

0 

0.0 

9 

1 

11.1 

8 

0 

0 

0.0 

8 

1 


Pus 

1 

12.5 

7 1 

o 

O 

37.5 

5 

0 

O 

37.5 

5 

0 


Knee fluid ' 

0 

0.0 

1 I 

0 

0.0 

1 

0 

0 

0.0 

0 

1 


Total ! 

12 

14.3 

72 

28 

33.3 

54 

2 

20 

23.8 

50 

8 

O-i 


Cultures were definitely superior to animal inoculations in this senes. 
Twenty-eight, or 33.3 per cent, of the specimens were positive by culture, w ^ 
as only 20, or 23.S per cent, were positive by animal inoculations. In no ease 
were the guinea pigs positive when the cultures were negative. 


SUJIMARY 


Of 796 sputa negative on direct examination, the smears of 23, or 2- 
cent, were positive after concentration. Ten per cent of the total nuro 
positive specimens for the year were obta.ined by this method. 

Cultures of tubercle bacilli were obtained from 25, or 4.5 per cent, of 
microscopically negative sputa. 

Eighteen and two-tenths per cent of the total number of positive sputa 


the year were obtained either by concentrated smear or by culture. 

All acid-fast bacilli isolated by culture must be tested for virulence to 
guinea pig before they may safely be considered tubercle bacilli. 


EDW ^nos. \MLqoN SrANDMtn ion compamng wal caiaciii 
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Cultuics pioied supeiioi to aniiii.il inoculations iilien these methods ueie 
rim III pai.allel on a seiics of 84 liod\ fluids 

Tlic ciiltiiie method used uas simple .and u.is quite piactic.il foi use in a 
iniblic health laboiatoij 

Vckno« le Ignitnt Is malt tf tht tLchnlcal ii^sistanco of Mi John Knt<Jiu<!kis and Miss 
Katherine Cunnlnglnm 


urn urNCi s 

1 Hanks J, nnd Clark, 11 A Afclliotl for Sttnhin;; tia Concentration of Tubercle Bacilli 

Prom Sputum and Bodj 1 luids T Bict 33 ol, 1D37 

2 Hanks T, Chrk, If, and Feldman, 11 Concentration of Tubercle Bacilli From Sputum 

bj Chemical Flocculation Methods, T Lah A Ciin Mh» 23 736 1038 


THE STANDAKD I’OK GOiMPAHlNf, THi: VITAL L’AFACIT\ OF 
SUBJECTS or DirrEIULVT SIZE AM) A CIIAKT 
FOR PRACTICAL I SE* 


Dv\to\ J Ed\\arus wn j\[\\ L Wilson Ni u ^ ork N V 


\ DETERMINATION of the \oIuine of du that a K>\cn siibieet can foicihh 
e\lnle is of little sisnifipanco wlmi detached from all otliei considerations 
of bod> build, since the jrcnoral statuic ot the indi\ idual picdetcrmmcs to a laige 
extent tlioraeie size, to uhieh this paiticulai measurement of lung \olume must 
be eloselj related Apnmai\ eonsideiation thcicfoic in all e\ahiations of Mtal 
copacitj IS the othei estimate of l>od\ build tint most tlose]> follows the noimal 
difference in lung capacity, as it is h\ this moans that a standard is made asail 
able for the comparison of the de\iations rosuUmg fiom disease 

In 1922 Me made a studj on ehildicn, langing in age from 6 to 16, of the 
oerrelation between \ital capacits and standing licight bod\ m eight, and bodi 
surface area ^ The results of this anahsis showed that for induiduals in tins 
size range, the surface area is slighth the more f.noialile index of bod^ statin e 
for reference of the sifal capaeif> measuicmonts, tlieicfoio, the practice was 
adopted of expressing this component of lung \olume as a latio of unit bod\ 
^uiface area — the -vital capacitj suiface area (V C /S A ) latio This technupie 
bas been in constant use for man> a cai s and it has been applied to a m ido a anetA 
uf patients Avith results indicatiAC of a high degiee of predictabilit} in the eAalua 
tion of functional deficiencies of cardiac origin A test of this kind, hoAvoAei 
ubich depends on a comparison of one Aaiiable with anothei is useful in a 
practical AvaA onl\ m instances in aaIucIi the factors tending to modifA one 
component exert rclatiAch small effects on the othei The VC/SA latio ap 
pears to fulfill these conditions satisfaetonh although the possibilitA exists that 
^ distuibance Avhicli alteis A'ltal capacitA if long continued, maA modifj the 
surface aiea size relationship m mdiAiduals iindei the age of maturity and theie 
5_£>minisli the significance of this lung Aolume measurement as a clinical test 

■xnl ♦CfT"’ Departments of Phjsioloex nn 1 Pedlitnc<i Cornell Uni\ersit> Medic'll College 
im: i\ew -iork Hospital 
deceived for publication Ma> 2o 1938 
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111 a similar way also the comparison of two variables for the purpose of 
detecting an abnormal condition implies a degree of iinifonnity betivecn fk 
factors over the range of normal measurements. Viewed in this light, our earlier 
studies^ showed that the V.C./S.A. ratio was slight!}^ less for subjects of smaller 
surface area size. This fact is well portraj^ed in Fig. 1, which is based on tlie 
original data, together with 70 additional subjects included in the larger body 
size groups. 

At the time the original data were gathered on tlie vital capacity of normal 
subjects we were disposed to neglect the progressive decrease in the ratio for 
smaller subjects and to adopt as a standard for the normal individual in this 
size range the arithmetic mean of the 360 instances in the series. A chart was 
constructed on the basis of the single mean V.C./S.A. ratio,“ and much valuable 
information has been obtained concerning heart disease in children by the use ot 
tliis device. It is obvious, Jiowevei’, that an evaluation of a small subject present- 



BOOY SURFACE AREA— SQ.M. 

Fig. 1. — The gi'aph E-F represents the vital capacity of 430 normal Vijne'^A'S 

a unit body surface area and arranged according to surface area size groups. 
indicates the trend of the curve, and C-/? tlie mean of the variations. 

ing a subnormal vital caiiaeity measurement tends to place him by this 
below par, whereas, for large subjects a primary deficiencj'^ becomes less cm 
on this scale. Pig. 1 illustrates this point very well by the dotted hue 
which is placed according to the standard used in the former chart of 
per sq. m. surface area, the locus being in the size group 1.10 to 1.19 sq. u'- • 
designated A on the line C-D. 

It has become increasingly evident that a correction for the size 
is desirable; therefore, a new chart has been drawn, which is presented m 

The basis of this chart likewise is in the material contained in Fig- 
the solid line A-B, dravm through a majority of the points plotted for 1 
E-F, is adopted as the standard of reference. The intersection of ^ 
size group ordinate gives a regular ascending series of v'alnes for the • ■ 
ratio. This scries represents, we believe, a closer approximation to 1 



E1)\VAI!I)S-WI!.P0.V : KTAXIUKD KOIi COMI'AlilXG VITAI. rAl'ACITV 
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iiormiil of the cliiTerciit size Kroui).s. Ti-iiisposiiig tlicsc data into aetiia! figures, 
wo have in Talilo I tlie in-edictod vital eapaeity for each of llio siu-race area size 
groups. 


ISBBBBB 



BSSSBBB 

■SaSBBB 

iSSSBBB 


SS^SSSSSSBSB 




if BSmal 

immssSi 

iBMpiaasI 

imsSSSSt 



BKSBSSBSSBBggS 

lammmisemmmKimaamammmmasSJSi 

iuaaKmmmmammisimsmmmmsmm msm i 

J mmuamaimmmaKm uSM 
sai@ama!9m9«iBMii 
!l!JiR»HaiaiBM«flRSia)9IHIBaH 
— tamaaiamismstmsmmsmm amm m 
iwmawsmauanaBimstmBiimmmm 
<iemmstism!iMm.smm ssmimmmwaL . 

BSgg&SSBBiBSBSBSBSI 
^^^SSgBgBSBBSBSBI 


^ SURTAtt AREA 



SiESSSSSSSBISKBSBSSKSS^B.SSISS 


estimating the relationship of the vital capacity-surface area (V.C./SA.) 
'rom subjects of different size to a normal value obtained from the data of FiS- i- 

In arranging this material into a chart for practical use we have plotted 
capacity against surface area on a semilogarithmic scale, whieli makes 
possible straight line relationships and also permits dispensing entirely udth 
^ ^ite values expressing the V.C./S.A. ratio as employed in the former chart. 

oblique line designated “normal” in the chart occupies the 
position indicated by the data contained in Tabic I, The remaining oblique lines 
positions that denote definite percentage relationsliips to the normal, and 
enable the user to determine directly the extent a given observation deviates 
expected value. 
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Although tlic data in Pig. 1 do not carry beyond the surface area size group 
of 1.8 to 1.9 .sq. m., the chart has been extended to tlie 2,1 size group on the 
basis of tiie trend of the data. It is iiossible that this may be an imwarranted 
prediction, but some observations tend to support it. 

Table 1 

The Average Norsial Vital Capacity for Differekt Surface Area Sizes 


BODY SURFACE AREA VITAL CAPACITY 


SQ. JI. C.C. 


0.6 

1026 

0.7 

1228 

0.8 

1440 

0.9 

1660 

1.0 

1890 

1.1 

2128 

1.2 

2376 

1.3 

26.32 

1.4 

2898 

1.5 

3172 

1.6 

3400 

i.r 

3748 

1.8 

4050 

1.9 

4360 

2.0 

4680 

2.1 

5008 

2.2 

5346 


The primary advantage of this chart over the former one is that it goes 
readings at the extremes of the size range which conform more closely to our 
original data on normal subjects and to the results obtained in practical expeu- 
enee on patients. The original of this revised chart was drawn to the scale o 
45 by 50 cm., hut for practical use it is reduced to approximately 19 by 21 c®-, 
which affords fair sized .spacing for interpolating the fractional measurement. 

REFERENCES 

1, Edwards, D. J., and Wilson, AL G.: An Analysis of Some of the Fnctors 

in the Vital Capacitj* ivrea.sureinents of Children, Arch. Int. Aled. 30: _ ’ “jj,. 

2. Wilson, M. 6,, and Edwards, D. J.: Diagnostic Value of Determining trial p 

of Lungs of Children, J. A. M. A. 78: 1107, 1922. 


A smPLr: and accuuate hematocrit tube' 


A T Mnii-n, ,Tk, NoRTUMLLr Mien 


T he liemalocut tubes in emunt use lca\t much to be desued iMth respect 
to cost, aecuiaci, and amount ot blood icqimed The tube to bo desenbed 
below requires less than 05 cc of blood, is ficc fiom ciioi caused bv shiiiikage 
of cells resulting fioni loss of eavbon dioside dntmg centiifiigition and eau 
be made flora common hboi.itoi} inoteiials 

GipiUan tiibmg of umfoirn bote (1 to 2 nun ) is cut into 12 cm lengths 
The iiiiifoinnti of hole of the capillait tubing m it be dctci mined bs filling the 
tube with mcicuii and weighing suceossiic 1 cm columns of the racieurs 
delneied into a weighing bottle Jlost ot the capillai i tulmig now on the maiKet 

■IM — beeswax 

MIWERAL OIL 

ssnvM 

WALL or TUBE 


PACKED CELLS 


|-|— -MEflCUfiY 
UU — beeswax 

FIk 1 

® quite uniform m bore Bj means of a rubber tube similar to that used foi 
blood pipettes, suceessue columns of mineial oil (1 cm ), blood (8 to 10 cm ), 
»nd raereurj (1 cm ) aie sucked into the tube The ends of the tube are quicklj 
swled bj blushing with melted beeswax, lemfoiced bj a he-iwj rubber band, 
"Inch IS piciented fiom slipping off hr stiips ot adhesiie placed orei the ends 
uf the tube at right angles to the lubbei band 

Peitj five minutes centrifugation at 3,000 r p m packs the colls to constant 
'olume The total height of the blood column and the height of the column of 
hacked cells are lead off with a millimetci scale and the cell volume Lalculated 
^'quid menisci at each point make the readings easv md accurate Extensive 
"S’*! of this method ovei a petiod of tlacc or fmu vears, on both normal and 
Pathologic bloods, has indicated that the maximum v aviation m quadruplicate 
. aterm inatious on a single sample of blood is consistently less than 0 5 per cent 

t'Orthvim'’ '"'llllam tr Jtavburj Sanatorium (Detroit Slumclpai Tabrrculosla Sanatorium) 
Steelved tor imWIcatlon Maj 31 1938 
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THE DETERillNATION OP AMINO ACID 
NITROGEN IN BLOOD AND URINE^’ 


A Rapid Colorimetric Method 


Melville Sahyun, M.A., Ph.D. 

With the Techxical Assistance op M. Goodell, B.S. 
Detroit, Mich. 


T he colorimetric determination of amino aeid nitrogen in blood, nrine, and 
protein-free solutions is based on the reaction of the amino acids with 
/8-naphthoquinone sulfonic aeid in alkaline solution. This reaction was first 
discovered b 3 ' PolhB ivho made use of it in his -well-known method of amino 
aeid nitrogen determination. Polin observed that the reaction between the 
djm and the amino acids required from nineteen to twentj'-four hours in the 
dark to come to completion before the samples were suitable for comparison 
agaiust an amino acid standard. Later Danielson- suggested a modification 
of Polin ’s method. He adopted a mixed amino acids standard, consisting of 
glj'cine and glutamic aeid, v/hich produces a color that matches very nearly 
that produced bj' tungstic aeid blood filtrates. However, no attempt was 
made to shorten the time required for the comyoletion of the analysis. 

In this investigation we propose a very rapid colorimetric method for 
determination of amino aeid nitrogen in blood, urine, and protein-free solu- 
tions. Owing to the rapiditj' and sensitiA’ity of the method, we are also in a 
position to propose a microquantitative method that -will permit the qiianti 
tative estimation of about 0.005 mg. amino acid nitrogen in a given sampk- 
Thus the filtrate obtained from 0,1 c.c. of blood is sufScient for the niicio 
determination. 


GENERAL CONSIDERATION 

We have found that upon heating, amino acids react very readily with 
/8-naphtlioquiuone sulfonic acid in an alkaline solution. Thus it is possi 
to eliminate the long period of waiting for the completion of the reaction a 
to minimize the danger of reading before the reaction has gone to completion- 
In order to determine whether or not this rapid reaction is quantitatne, 
investigated from 12 to 14 different pure amino acids. In this connection it is 


important to note that the depth of color is not proportional to 


the total 


I 1 1 Let XI Li LV AAV; 1/ JJ A V a w* w . 

amount of nitrogen, but corresponds to one amino group in the ® 


of an 


Thus it must be borne in mind that the determination of amino nitrogen 
amino acids mixture bj’- the use of /3-naphthoquinone sulfonic acid is no 
dicative of either the total nitrogen or even the total amino nitrogen o 

~~^T 0 m the Biochemical Research Lahoratorj', Ereaerick Stearns and Co., Detroit, nid 
ReceiveO for publication. June 9, 1938. 
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ammo acids In the simple ammo acids, i\lieie one ammo gionp is piesent m 
the molecule and 'wheie the total nitiogeu cmiespoiuls to the ammo intiogen, 
the complex formed boh\ecn the dje and the ammo acid lepiesents the total 
amount of nitrogen In eeitam amnio acids \\licie moio than one ammo 
group IS present m the molecule, Mich as aigmme, histidine, Ijsme, and 
trvptophanc, the coloi foimed in compaiison nith a standaid such as gljeme 
or alanine lepiesents the nitiogcn of onh one ammo gionp m the molecule 


TmiF I 

PiTirMiN \TiON o^ Purr Amino A(in Nitiogfn n\ Tin Ppoposed Mftiiod 


Torn WOLNT OF MI, N, 


AMINO Anns TiiForrTir\t acti Ar 

mo wn 

\hninc lo7 KC 

Ohrinc o] 0 20 8 

GlutnmiP 'irid SS 8 5 

C) Stine f» 5 0 4 

Histidine (nCl)I7/> Cl 5 8 

I'oleucinc 0 0 D 3 

I oueme 0 0 91 

Tnptoplmne N/2 7 7 7 8 

T^^inc 7 7 7 5 


BB/^ cine glufimlc acll a TMS lived Prollnc % lUne Phenj lalnninc l>slne 

stanrfi 51^ tried scparalch The flnnl color obt'iJncd did not mitch that of t\\e 

standint No efforts in ere mide to read the vimidcs 


tMINO ACID DETCnMINATION IN DLOOD 

111 ordei to piepaic suitable blood filtiates mc lecommend the following pio 
cecluies, depending on ■whethci total oi plasma ammo acids need be deteimined 

1 Foliu and "WiiV method winch consists of precipitating the blood pro 
tenis With 10 pei cent sodium tnngstiitc and iioimal siilfuuc acid fields 
excellent filtiates suitable foi total ammo acids deteimmation 

2 FoliiiV method £oi unlaked blood piotem piecipitation jields filtiates 
suitable for plasma ammo acid inliogen onl^ Owing to the piesence of 
sulfate in the filtiate, the final color is somewhat bleached and does not mateli 

ie staiidaid unless sodium sulfate is added to the standaid in amount similai 
fo that which lemains in the filtiate 

3 SomogMV method whicli consists of piecipitating blood piotems with 
^uie In dioxide jields excellent filtrates for ammo acids deteimmation Tlie 
‘topper sulfate method*’ is not suitable 

4 Benedict V method is also satisfactoij 

Blood was withdrawn fiom rabbits that had been fasted foi twenty four 
‘uurs Each sample of blood was divided into two paits One sei\ed as a 
^oiitioij to the othei a eeitam amount of amino acid was added The selec 
•on of these ammo acids was carefully made in order to determine (1) 
Ol not such highh insoluble ammo acids as tjiosme, cjstme, leucine, 

tryptophane were eompletely lecoicied m the filtiates of tungstic acid 
oud piotem piecipitation, ('2) if the amount added could be quantitatuelj 
‘^'^timated bj the pioposed method, and (3) if excess of one ammo acid would 
anj difficulty m color compaiison 
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The results are found in Table II The data presented in tlie foiidh 
eolumn represent the difference betireeu the dgures recorded in tlie second 
and third columns. 

Table II 

Addition op Pore Amino Acids to Blood and NS.-N, Deterjiination sy the 

Proposed Method 


AMllSIO ACIP 
USEP 

SASTPLE 

NO. 

NHj-Nj-. MG./IOO c.c. blood 

CONTBOE 

TOTAL 

AiUSO Acms 

FOUND 

ADDED 

Alaiiiae 


mg. 

mg. 

mg. 

ng. 

1 

8.9 

20.4 

11.4 

11,4 


2 

10.5 

21.6 

11.1 



o 

o 

9.6 

21.4 

11.8 


Histidine 

4 

8.9 

15.0 

6,1 

6,2 


5 

10.0 

16.2 

6-2 



(i 

11.1 

17.7 

6.5 


TrvptODliane 

7 

9.8 

16.4 

6.6 

0.9 


S 

9.9 

16.7 

0,S 



9 

9.5 

10.2 

6.7 

9.5 

Cystise 

10 

11.1 

20.8 

9.7 

11 

11.7 

22.2 

10,5 



12 

10.3 

20.0 

9.7 


Tyrosine 

13 

11.1 

19.4 

8.3 

7.7 


14 

11.7 

20,4 

8,7 



15 

10,5 

19-0 

8,5 

6,9 

Arginine 

1<3 

9.8 

15.7 

5.9 


17 

9.9 

15.6 

5.7 



IS 

9.9 

15.7 

5.6 


Leucine 

19 

11.1 

22.2 

11.1 

10.7 


20 

10.4 

21.4 

11.0 



21 

9.1 

19.6 

10.5 



Seageiits. — Alkali: 0.1 normal sodiiun hydroxide. 

8odivm Borate: 2 per cent solution. 

Phenolphthalein: 0.25 per cent solution. 

B-Afaphihoqiiinonc Snlfowc Acid Bohition: 0.5 per cent solution, prepaiet 
freshly before using. Do not use a solution that has stood for more than fitteeu 
or twenty minutes. 

Special Acetic Acid Acetate Beagent: Dilute 100 c.c. of 50 pei’ 
acid with au equal volume of 5 per cent sodium acetate. 

Sodhtm Thiosulfate: NasSeOs. SHsO 4 per cent solution. 

' Standards: If a single amino acid standard is desired alanine is sugg^® ’ 
provided a pure sample ean be secured j however, a mixed standard of 
and glutamic aeid, as suggested by Danielson, " is preferred. . , 

Stock Standard Solutions; Samples of gli'eine and glutamic aeid are^ 
to constant weiglit over snlfni-ic acid in Tacuum. Accurately Aveigh 26 1 -a 
of glycine and dissolve in 0.07 normal Iiydroclilorie aeid coiitaining 0-3 pe^ 
sodium benzoate as pre.servative. The re.sultiug solution is made up to 
in a volumetric flask, rasing 0.07 normal hydrochloric acid — 0.2 per cent so 
benzoate as diluting fluid. A stock solution of glutamic acid is prepared ja 
same way, using 525 mg. glutamic acid to 500 c.c, of 0.07 normal Ip droc i o 
acid in 0.2 per cent sodium benzoate. The stock solutions thus prepare 
each contain 0.1 mg. of amino acid nitrogen per cubic centimeter and vn 
indefinitely. 
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Uixcd Stan<Ia)d 0 01 mg XJIiNm. Iiitiodiice Sec ot the stock glycine 
standard and 5 c c of the stock glutamic acid st.uidaid into a 100 c c %oliimetnc 
Hask Make up to volume Mitli distilled uatcr, imv tlioioiighlj, add a few 
drops of cliloiofoiiu Keep in the leiiigciatoi uhen not in use It is piefeiable 
to prepaie the dilute staiidaids once a ucek 

Procedure — Into a giaduated 25 cc oi 30 cc tost tube, intiodiice 3 c c of 
tlie filtrate to contain about 0 03 mg ammo iiitiogeii Simultaneously nieasuie 
3 c c of the standard ammo acid solution (0 03 mg NII 2 N 2 ) into aiiothei tube 
It IS desirable to ha'NC the test tubes of imifoim thickness Add one drop of 
pbenolphtlialein to each tube, and nliilc shaking the tube, add 1 diop at a 
time of 01 noinial sodium In dioxide until 1 diop bungs about a peimaiieiit 
pink coloi Add 1 e e of sodium boiate, followed b^ 2 c c of ficshly piepaied 
^naphthoquinone sulfonic acid, mix b\ goiith lotating the tubes and adpist 
the samples to equal ■\oIunic b\ the addition of distilled uatci It is desii 
able not to niciease tlie ■volume am inoic than is nccessan Immeise in a 
boiling uatei batli foi thiee minutes, lemove and tool to 100 m tempeiatiiie 
m a stieam of lunning uatei To each tube fiist add 2 c c of the acetic acid 
acetate reagent, mix and then add 2 cc of 4 pei cent sodium thiosulfate 
Dilute to the 25 c c maik, mix, and make coloi comparison 

111 selecting the standard foi conipaiison, ahvnvs select the one that most 
closeh approaches the unKnoun m its coiicciitiation, ns too uide a variation 
'' ill lead to greater ei 1 01 in coloi imeti ic ineasin emeiit In onr expei leiice vv e 
consider from 15 to 28 as leliable leadings when the standard is set at 20 
If tlie reading IS sti oiigei than 15 01 weakei than 28 cithei the unknown is 
read against the next staiulaid that gives a elosei mntcli, 01 the experiment is 
repeated with aiiothei suitable dilution 

DETERVIlNAnON OF Tllb AMINO ACID NirROGCN IN URINE 
As Folin® has pointed out, and as we liave observed 111 this laboiatorj, it is 
iiecessaiy to lemove all tiaees of ammonia fioni the urine before proceeding 
^Mth the quantitative estimation of uriiiarv ammo acid nitiogen, since ammonia 
Sues a strong coloi reaction with naphthoquinone sulfonic acid 

Owing to the fluctuations of uiinarj ammo acid nitrogen, it is difficult to 
fell how much uinie sliould be taken It is, theiefoie, advisable to make simul 
taneoiisly two dilutions of the 111 me m the ratios 1 10 and 1 20 

The pioeess is as follows Intiodncc 5 c c of uune into a 50 c c and a 100 
volumetric flask and dilute to volume Mix well and transfei to Erlenmeyer 
flasks Add 2 01 3 gm ot peimutit, and shake gently foi five minutes Decant 
’’do clean flasks and again add the same amount of peimutit, shake, and let 
foi ten minutes befoie filteiing It is advisable at this point to test 1 c c 
the filtiate with Kessler’s solution to asccitain the complete absence of 

tmnionia 

T’lom tlie clear, ammonia fiee diluted urine, transfer 2 c c and 3 c c samples 
^'ito giaduated 25 e c or 30 c c test tubes Smuiltaneonslv prepaie two stand- 
ards from the 0 01 mg amino acids standaid pieviouslv desciibed, one eon- 
^’"'"^ 003 mg and another 005 mg Follow the diiections given foi blood 
‘^riimo acid determination 



552 


THE JOURNAL OP LABORATORV ANO CLINICAL 3IE01CINE 


Micromefhod Bcagents. — Dilute Tungstic Acid Solution; Transfer 20 c.c. 
of 10 per cent sodium tungstate to a liter volumetric flask, dilute to about 809 
c.c. Add with sliaking 20 e.e. of % normal sulfuric acid and dilute to volume.® 
Standard; NH 2 -N 2 0.001 mg. This is prepared by accurately introdiieiiig 
5 c.c. of the 0.01 mg. standard amino acid mixture into a 50 c.c. volumetric flask 
and diluting to volume. 

The other reagents are the same as those used for the determination of 
amino acids in the blood. 


Table III 

Macro- axd Microdeterjiinatiox or NH.-JST^ ix Bi.oon 

Blood of rabbits previously fa.sted for twenty-four liour.s was used. Tor tlie niaoromcHiod 
Folin-Wu’s filtrate was used; for the micronietliod Folin’s and Somogjd's filtrates were n=ei! 
simultaneously. 


SAMPLE 

NH.-X.: MG./lOO c.c. BLOOD 

jrACRoarETHOP 

i jriCKO-UETHOD 

FOLIN-aVO FILTRATE 

FOLIN FILTRATE 

1 SOJfOCYI rlLTEAlE 


mg. 

Tnr/, 


1 

9.7 

9.0 


2 i 

9.7 

9.1 


?, i 

10.5 

9.8 


4 

11.7 


11.1 



9.1 


0 


9.5 


7 


9.5 


s 


9.1 


9 

8.7 1 

8.7 


10 

8.6 1 

1 8.7 



Table IV 

Macro- axu Mic rodeter.minatiox op Asnxo Acid Nitrogex op Blood of Well-Fed Eabbits 

BY THE Proposed Method 


sahple 


1 

2 

O 

4 

5 
(5 
7 
S 
9 

10 

11 

12 

13 

14 
13 


Nir,-x. 


jiacromethod 


AIG./l OO C.C. BLOOD _ 

nrlCKoTlETHOD 


mg. 

15.r, 

15.4 
15.0 

15.0 

15.2 

14.5 

15.1 
13.7 

15.4 

16.3 

14.5 
15.9 

15.4 

14.5 
15.9 


mg. 

15.1 

14.0 

15.1 

15.3 
15.7 

14.3 



Using a calibrated micropipette, introduce 0.1 c.c. of blood iido 10 
the special dilute tungstic acid solution in a 15 c.c. centrifuge tube, i 
let stand for about five minutes, and centrifuge. . . ,jg„ 

Sliould it be desired to use a different mieromethod for the 
of blood proteins, both Somogyi ’s® and Benedict methods juekl goo 
that are suitable for the mierodetei'mination of amino acids. 
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1 \DJt A 

Amino Acid DmrMiNATWN is Uiisi, »\i. Tm Kiconhn ot K\o«n Smoi ms oi Iddcd 
run Amino Viiiis 



AM/NO \<inN 

N!I, N, 1IO/200<.( urtNE 

sisrrtF 

\ tTurr 

tPDE» 

TOTVE 

jot\n 

uj iM, ^/r, ^ 
LESS 

IMOL NT ADDED 

1 

None 

WJ / 

intf 



38 0 

18 0 


Gl}Ciuc ghUnmic 

29 

3^0 

3D0 


GBcifie 

30 

•^0 0 

20 0 


Giutnmic 

10 

^0 2 

20 2 

2 

None 


10 2 

02 


Gl^ cine 

30 

^0} 

•01 


Glutamic 

30 

0- 

20 • 

3 

None 


20 0 

•0 0 


Glicme 

30 

SOO 

20 0 


Glutamje 

10 

JOO 

•0 0 

4 

None 


34 0 

340 


Gljcjne glutimit. 

20 

31)0 

It 0 


Oil C17IC 

30 

2o 0 

loO 


Olutnnnc 

10 

24 0 

34 0 


Pioccdiirc — Into a giaduatcU test tube, mtioiUice 5 ec of tlio fiitiate and 
simultaneoush ineasuic 5 ee of the ruici ostaiuhul (0 005 jii„' ) Acid to each 
Idroj) of iihenolphtlialcin, iieutializc to a definite piiiK nith 0 1 noimal sodium 
Indro-tide, einplojing tlic same piecantioiis described in tlie mnciometiiod 
■Add lee of 2 per cent sodium boiatc and lee of the fieshlt prepaied 
^ iiaplithoquinoiie sulfonie acid Iiniiieise in a boiling uatei bath for thiee 
aiimites, cool, add 1 ce of acetic acid acetate reagent folloued bj Ice of 
4 per cent sodium fliiosulfate Dilute to the 15 c c niaik, mis., and compare 
colors 


SOMJIABl 

A rapid colorimetue nietliod foi the determimtioii of amino acid mtiogeu 
la blood and in uiiiie is described Details for the maoio and micio technique 
are also giien The lesults obtained by its use are self esphnatoij 
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ASCHHEIM-ZONDEBI, A Modification, Walker, T. T., and Walker, D. V. N. J. A. 31. A. 

Ill: 1460, 1938. 

1. The morning specimen of urine is collected. 

2. A female white rat from 30 to 45 days old is injected with 1.5 e.c. of urine three 
times during the day. 

3. Thirty hours after the first injection the animal is killed with chloroform and tlie 
ovaries are examined. 

In positive cases the ovaries are enlarged and hyperemic and show hemorrhagic 
follicles. 


HODaKIN’S DISEASE, The Gordon Test for, McNaught, J. B. J. A. 31. A. Ill: 12SD, 
1938. 

In the author's series the Gordon test was positive in 10 of 13 cases of Hodgkin’s 
(77 per cent) and negative in 35 of 37 control cases of various Ij-mphadenopntiiies (9o p« 
cent). These eases being included, the Gordon test has been reported positive in 70 per c®®* 
of 192 cases of Hodgkin’s disease and negative in 98 per cent of 251 control cases. 

Histologic sections of the lymph nodes eliciting the positive reactions showed numeroas 
eosinophiles, while tlie nodes associated with the negative reactions contained verv’ few er 
no eosinophiles. 

Extracts of human tissues and leucocytes which were from patients who definitely i 
not have Hodgkin’s disease, but which contained many eosinophiles, caused leaetions i 
rabbits indistinguishable from those caused by the lymph nodes from patients with typ« 
Hodgkin ’s disease. This supports the theory that Gordon ’s agent and Eriedemann s agen 
are identical and are apparently derived from the eosinophile. _ 

Histologic studies have already shown that eosinophiles are easily demonstrable m ^ 
glands of some 70 per cent of patients with Hodgkin's disease, and it is in the 
centage of cases that the Gordon test is po.^itive. Apparently' it is positive only 7 
of these cells. 

The Gordon test is of no more practical value in the diagnosis of Hodgkin s di.ea- 
is the finding of eosinophiles in the lymph nodes. 

ADBENAI, INSTJEEIClENCy, Chloride, Sodium and Potassium, Concentrations of, ja 
tTrine and Blood, UiagBOStic Significance of, in, Cutler, H. H., Power, 2* - 
Wilder, E. M. X A, M- A. Ill; 117, 1938. 

Under standardized conditions as described, the concentration of either 
sodium in the urine of patients with Addison’s disease has been diagnostically more s „ 
than any other factor e.xamined, giving more valuable information than the 3 

urine, the concentration of potassium in the urine, or the values or change in 
fifty-two-hour period of restricted intake of sodium chloride, or the chloride, 
potassium of the blood plasma. ^ jjie 

The diagnostic procedure suggested requires fewer days for completion, 
patient to less risk of collapse, and in most cases is quite as informative as 
period of re.stricted intake of salt heretofore resorted to for diagnostic purposes 
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As the conccjitrjition of the thIon<lc iii the urine fCJ'*-** inipcutaut nifonn itiori as 
that of sodium, the niml\lic procedure (leinnnded m'^^ he limited to analysis for urnmr> 
clilonde This rcprc<n.nts a di^'tinct uhintige, Ktaunc «nii\ tlmits and hospitils arc not 
equipped for iiniU*tic determinations of sodium or pota«'‘i«!ij 

The authors' conclusions are ba«C(l on examinations of 17 patients nitli Addison's 
di'ca^e and 37 controls The grouji of (ontrols included 10 ho ilthj persons anti J7 patients 
ivith disease which ipparcnth did not intohe the adrenal glands 
The standardized procedure follow'* 

Wten patients with Addison s di'oasc prcMouslj were rt<ci\ing either adrenal cortex 
extract or extra siUs of sodium, these were withhold on the d i^ preceding the first daj of the 
special exnniination Longer periods of such preparation pro\e/l to he unnoces«»an 

On the first da^ of the examin ition, nnd thereafter until its close, a diet low in salt 
nas sened, nliich li} tnh ulation proiided 0^5 gni of chloridt ion 0 51) gm of sodium, and 
•1 1 gm of potassium T lie fluid int iKe of the first da\ w »a not measured, but the free drinking 
of water was encourigcd On tlic afternoon of the first dm extra potassium was gixcn, as 
pota'i-Jiuni citrate, in a dose represontmg 'P' mg of pot i«»iuni per kilognm of hod} weight 
(*^2 jiig of potassium citrate per pound) 

On the second daj tho intake of liquid w is made to equal 40 cc for each kilogram of 
hoi}} weight, and on the morning of this da\ the dose of pot issium citrate was repeated 
On the tliird daj 20 cc of liquid per Kilogram of bod) woiglit was given before 11 a 
A t 12 noon of this third da) the exammntion ended except in tho'-e cases m which the 
period of deprivation of salt was extended tii order to obtain ndditmnnl evidence of the 
state of adrenocortical function At the cIo«c of ever) c\annnation, m nil en«es in winch 
adrenal insufficienc) was suspected, an intravenous injection was given of 1,000 cc of sterile 
solution containing 50 gni of dglucO'O, 10 gm of soilium chloride, 5 gm of sodium citrate, 
Had 20 cc of nn active preparation of cortical hormone 

231ood was drawn m an oiled a)ringe from the cubital vein nt 8 v ir of the second da) 
of examination and at 10 A ii of the tliird dav It was transferred to cooled 20 c c hematocrit 
tubes containing heparm and oil, and tho plasma was eeparnted b) moans of a refrigerated 
centrifuge Unne was collected in three periods from 8 am to 8 tm of the second 
from 8 Pit to 8 A if of the third dav, and from 8 \ jf to 32 noon of the third daj 


PNEUmojjia, Pneumococcus Studies In I»xver Punctlon in, Curphey, T J , and Solomon, 
S Am J M Sc 196 348, 

^fuUiple methods cmbod)ing the atudv of pigment and carboh)drate metabolism have 
fen utilized concurrent!) in a stud) of liver function in 80 ca«es of pneumococcus pneumonia 
The urobilinogen excretion w is increased in the majorit) of both the fatal and recovered 
rases and markedly liigli values of excretion arc twice as frequent in the fatal group "When 
serial observations were made from da) to da) in the course of this disease, the level of pig 
went excretion in the unoe tended to fall m the recovered cases, hut to remain persistentl) 
“•g‘i or to rise m tlie fatal group 

The icterus index was elevated m both fvtal nnd recovered cases m tlie earl) stages 
pneumococcus pneumonia There was n constant tendenc) to falling icterus index values 
® cases that recovered and a tendenc) to remain high in tlie fatal cn^es 
There ig decreased levulosc tolerance in a high percentage of the recovered cases and 
^ 1 of tlie fatal ca'jes earl) in t!ie disease Serial observations in fatal cases show a pro 
decrease m the abilit) to metabolize the sugar, whereas in the cases that recover, 
IS a progresHive increase in levulo«e tolerance 

n t question vvliether dailv determinations of fasting blood sugar levels do 

definite information, of similar significance as that afforded by ievulose tolerance 

1 IV, observations stress the importance of serial determinations m any functional test 
^ course of the stud) of an acute infectious disease like pneumonia 
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SEDIIiIBNTATlON BATE Of Bed Blood Cells in Plasma, Pleural and Ascitic Plaids, Goto, 

S., Paraci, P., and Poliak, B. S, Am. Rev. Tuberc. 38; 372, 1938. 

The technique of Kling was employed in obtaining comparative sedimentation curves cl 
pleural and ascitic effusions and of the patient’s own plasma. The material coniprised a 
lotal of Cl cases in which 153 fluid sedimentation rate determinations were made and aacqml 
number of blood readings. Pertinent additional laboratory tests were made on iU 
aspirated fluids. The 11005 sedimentation rates (according to the modified "Westergrea 
method) on 50 apparently normal individuals were also determined. 

The results of comparative sedimentation taken in groups were quite constant- 'TMs 
cannot be emphasized too strongly, for individual eases will show variations from the averags 
findings. The latter do not represent absolute lines of cleavage which are always applicaWc 
in every instance. IVith these preliminary remarks, the authors note: 

(a) The sedimentation of erythroejdes, in general, is rapid in inflammatory effnsioas 
having a high protein content, and low in fluids of noninflammatory origin having & low 
protein content. This confirms the conclusion of Gamier and Oumansky, Coincidcntly, 
the former show a high comparative index which reaches its maximum with purulent 
tuberculous exudates and the latter a low index. "The comparative ' index reveals the 
share that the local process contributes to the genera! reaction." (Kling.) 

(b) Using the patient's cells, the typical fluid sedimentation curves for the effusions 
studied were: (1) transudate: a horizontal line; (2) serous exudate; a diagonal line; (3) 
purulent exudate: a vertical line or curve. 

( c) Again, considered as unit group.s, there is noted some parallelism between the 
average specific gravity, the average quantitative protein, and the average tjpe of ffui'l 
curve. 

(d) Comparison of serial fluid curv-es may be emploj'ed as a laboratory adjust 
determine regression or progression of exudation in tuberculous pleuritis. However, enw 
and vadicscopic examinations still remain of paramount importance. 

VHAMIN C Deficiency, lutradermal Test for, Boucher, H. G., and Stuhenrauch, C. H-, fft' 

J. A. M. A. Hi: 302, 1938. 

The authors’ results do not confirm the conclusions of Rotter or Portnoy and IViUcis-®®' 
The data indicate that the intradermal dye test, in its present form, cannot be relied upon 
to give satisfactory clinical information as to the cevitamic acid saturation in the indivJ 
case. Purther study is necessary to determine whether the principle behind the test can 
utilized clinically in assessing the state of vitamin 0 nutrition. 

Method and Technique . — A solution containing 2 mg. of the powdered dye 
phenolindophenol in. 4.9 c.e. of distilled water was employed for the intracutaneons 
To prepare this solution, the dj-e was dissolved in the proportion of 4 mg. of dye to ■ ^ 

of distilled water. The solution was then passed through a Seitz filter for 
portion of the sterile solution was removed with a sterile pipette and titrated against f ^ 
solution of cevitamic acid {standardized against hundredth normal iodine sombo /' 
solution of dye containing 2 mg. of 2:6-dicldorphenQlindophenol in each 4.9 c.c. of wa e 
also titrated against the known solution of cevitamic acid. Then the sterile . 
diluted with sterile water to its correct strength of 2 mg. of dye in 4.9 c.c. of dish e 
After two weeks, the solution was restandardized or a fresh solution was prepared. 

The injections were made into the skin on the volar surface of the forearm. An ares 
chosen where there were no hairs or superficial veins. It was cleansed with ethyl a co ' 
allowed to dry. Then an intradermal injection was made in the usual way. •- „ 

injected (0.01 c.c.) immediately beneath the epithelium. This resulted in a whea 
mm. in diameter. The time of injection and the time of complete dis-appeara®®® ^verag^ 
color were recorded, From two to eight injections were made in each suhjcct, an an * 
of the disappearance times was taken as the correct value for that patient. 



ADSTn \crs 


557 


At tlic time tlic tests uerL nuulc, "i t c of blood w i** ilriun from each subject nud the 
cevitamic acid level was determnitd TJic nncromctliod of Parmer nnd Abt w is u«cd in this 
procedure 

SYPHILIS, Slgnlficinco of Positive Kline Hxcluslon Test, Unconfirmed by Kolmer or Kabn 
Test, Myers, R M, and Perry, C A JAMA 111 142, lOtS 

It was shown that m definite instance*^ the positive Kline c\cIu«ion test, unconfirmed bj 
tic Kolmer or the Kahn to^t, is significant of svpliilitic infection 

It was further shown tint phv''icians tend to accept without question the negative 
serologic report, whereas n doubtful report elicits further clinical consideration and serologic 
chechup 

No evidence was found to mdicnti Hint doubtful reports were interpreted as positive 
Ihereforc, a report giving sonic indication of the reaction of the verj sensitive Kline 
exclusion test would scorn to be an adv intago to the patient and an iiid to the phjsicnn 

POLIOMYELITIS VIRUS in Human Stools, Trask, J D , Vignec, A J , and Paul, J R 
J A AI A in 11, 193S 

Pohomj olitis virus was found in four clinical cases of pohonnelitis from the 
na<!opharjii\ in throe ca^cs, and throe times from the stools in one case 

Human stool extract for inoculation into nionhcjs docs not have to be injected intra 
cerebrallj m order to produce the experimental di«tase 

The attacks m all ca«cs which virus were nuld and nonparaljtic It is 

probable that some of the attacks might not linve been regarded as examples of polio 
nijehtis Without this finding 

The child who showed virus m the stools was ill for onlj three or four dajs, and jet 
tie virus persisted m the feces for at least tvventj four dajs from the onset of this mild 
illaess It also remained viable for ten weeks m one of his stools which was kept in the 
refrigerator Such facts suggest that during an epidemic of poliomjelitis the®e common, 
mild, and often unrecognized forms of the disca'-c, mav be responsible for a high degree of 
pollution of sewage with poliomjclitis virus 

tissue Modification of Terry's Method of Rapid Sectioning for Soft Tissues, Hall, 
WEB Arch Path 25 S54, 1938 

A glass cover slip is cemented to each end of an ordinal j gla^s slide, loavang an intei 
vening depressed space, from 2 to 2 5 era in width and 1 min in depth On this depressed 
portion IS placed the ti'-sue to be examined, including the fine fragments If a large mass is 
to be examined, this is cut down to a thickness of about 0 5 cm by sci-^sors, knife, or safetj 
razor blade Curettings are patted together to lie as a flattened but compact ma^s against 
the cover slip border A slight amount of tap water (a drop or two) is added to produce 
^ completely moistened tissue The slide is then turned over If the tissues have not been 
too much moistened, they remain adherent to the glass slide as before If the fragment 
fragments persist in falling off, they may be held m place by the counter pressure 
a 3 inch (7 6 cm ) section of a tongue depressor stick, the ends of the stick and the 
gta^s slide being gently maintained between the thumb and second finger of one band The 
surface of the slide now^ uppermost is sprayed with ethyl chloride until the tissue under 
“cath 13 frozen to a depth of from S to 4 mm Again reversing the slide, the tissue is 
shaved off by firm but delicate application of a sharp common razor blade or preferably a 
new safety razor blade Deep or forceful sectioning will result m fragmentation or elevation 
nf the frozen tissue mass Treezing is readily repented if there are signs of softening The 
t'^sue shaved to a thickness of from 1 to 2 mm , is allowed to thaw out, after which polychrome 
nicthylene blue is applied for fifteen « 5 Cconds The excess of stain is then allowed to drain 
supplemented at times with an extra drop of tap water The specimen is now covered 
a cover slip and examined by transmitted light, n 60 watt bulb or stronger illumina 
being used as indicated 
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For small fragments this method is superior to ordinary frozen section metliods 
and has proved satisfactory with small and very soft tissues which could not he rcadih 
examined by the ordinary Terry-Helhvig technique. It allows excellent differentiation ol 
tissues with poVehrome methylene blue. This stain is .sprayed on the tissue superficially from 
an atomizer. According to the last article by Terry, he described the use of a relativriv 
simple sectioning apparatus to obtain sections of tissue of uniform thickness. In contra.'t to 
the staining time used by Terry and Hellwig, it has been found better to leave the stain 
on the surface of the tissue, spilling over onto the slide, for at least fifteen seconds Irat 
not for more than thirty. It is then allowed to drain gently off the .slightly tipped slide 
without washing, which all too frequently destroys color differentiation of tissues and intensitv 
of stain. Likewise, the light used .should be of considerable strength, increasing with the 
thickness of the tissue, its darkne.ss, and the amount of blood contained in it. Light of the 
intensity of sunlight has been found satisfactory. However, when the border of the tis'ne b 
the point of interest, with or without the freezing modification, it has been found that the 
lateral refraction glare from the transillumination may be obviated by a slight excess cf^ 
stain gathered about the .sides of the fragments under the cover .slip. For this, the cxccs- 
drop staining method is still followed. A little practice is required to determine the usual 
amount of water needed for satisfactory fixation of tissue to the glass slide, so as to allow 
satisfactory freezing without loss or separation of tis.suc fragments, unless the counter- 
pressure of a section of a tongue depressor is used. A siniple metal clip may he leadih 
prepared by which the glass slide may be held in position on the ordinary carbon dioxide 
freezing block, and the tissue frozen without inversion of the slide. All fragments, to- 
gether with the preliminary shavings, are subsequently placed in a 10 per cent concentra- 
tion of solution of formaldehyde U.S.P., to be subsequently embedded in paraffin and sec- 
tioned. 


FUNGI, A New Species of Madurella, Hanan, E. B., and Zurett, S, Arch. Dermal. & 

Syph. 37: 947, 1938. 

The new .species of Madurella is defined as follows: Madurella lachaxcanna, lOSG: The 
mycelium is white or smoky gray, with a white periphery' in old cultures. The colony ten s ^ 
be spherical, with a central mycelial zone, a spore zone, and a peripheral zonet Grow i - 
successful only on Sabouraud 's dextrose agar, dextrose agar, and glycerin agar ivhen 
with liver infusion. The hj'phae vary in dimensions from 1 to 5 microns and are co. ^ 
granular. Septa are rare in early cultures, but definite fine septa with smoky gray mj 
appear in later cultures at room temperature. Chlamydospores appear early m e 
zone. There are nodular organs, consisting of arthrospores with square-cut ends,^ 
peripheral mycelium at room temperature. The optimal medium is fresh liver ^or ^ 
f nsion-Sabouraud ’s dextrose agar. The optimal temperature is between 20° and oi 
organism digests milh proteins, but does not liquefy gelatin, ferment milk lacto.^e, nor 
milk fat. Pigment formation is abundant, but blackening of the medium is more 
at room temperature, except on glycerin agar enriched with liver. There is little or no g ^ 
in fluid media. Animal inoculation gives neg-ative results. The organism was iso > 
case of maduromycosis with black grains in Lackawanna, N. Y. 

PEEGNANCT, Skin Tests for, Lass, P. M., Enderle, E. S., and Kurzrok, E. 

23: 71, 1938. 

f Hie Gilfiken- 

Two hundred and fifty-four patients were tested for pregnancy by means oi 
Gregg skin test PU extract. The error in diagno.=is ranged from 7 to 04 per cent, e 
upon the type of patient chosen for the test. One hundred and eight patients w 
by means of the Gruskin skin test for pregnancy (placental antigen). The error in^ 
ranged from 20 to 52 per cent, depending upon the type of patient chosen for the te- 
neither test is reliable, nor of any value in clinical medicine. 
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SPECIFICITY OF PXEUJIOCOCC'l'S TYPES BY QUELLUNG AND 
AGGIjUTIXATIOX IJEACTIOXS" 


AimijL NoRLr AB, AXi) Bnmiv C Cymoiov, BS Deiuoit, Hicn 


plLTURBS U'picsc'nt<ili\e ot Ihe 27 ot Diplocuccus piiaimoiitnc, .is 

^ established b\ Geoigia Coopei* ■ and lo^ao^l^ Known as gioup IV, to 
^ethei with tjpes I, IT, and III, wcic I'-oIated and antiseia piepnied in labbits 
With these seia and cultuies, lioinolo^jous and tioss aggUitination and Nenfeld 
Quelluii" icactioiis* lia\e been studied 


AIETIIODS A^D MVTCUIALS 

CullJi)(fi, — Si\tj tluee cultuics ot Dtplocoa weie n&ed in 

this stud) Tlie samples of sputum fiom which a Inigo numbei of those stiains 
t\eie obtained woie made aNailablc to us thiougli tlic coiiitesj ot monibers ot 
the staff at the Beeening Hospital, Detioit, wheie eai.b sputum had been 
t>Ped the Noufeld Quelluiig test ’Witliin a poiiod ot thiee moiitlis cultuies 
I’opiesentatiY e of tlie 30 tjpes of juicuniocotci had boon isolated b\ the mouse 
method In this group, mateiial fiom C5 eases was cultiiied Fioni 53 of 
these, the pneumoeoccus tjpe coricsponding to the sputum diagnosis was 
i'eeo\eiecl, fiom 12 cases some other tYpe of pneumococcus, Pfciffer^s bacillus 
m streptococcus was isolated AYo weic unable to tjpe one appaienth topical 
pneumococcus 

A few additional stiains woie obtained fiom sputa and blood cultuies 
^>oni oases of piienmoiiia at the Ilemj Foid Hospital Two or moio stiains 
each tjTie weie obtained in all but fiAe (XVII, XXI, XXIII, XXVH, and 
xxviri) 

All cultures aie giampositne cocci iisiialh pointed occuiimg in pans 
shoit chains of pairs Thej aie all soluble m bile, 42 piompth feiment 
nuihii^ 21 show slow fenneiitation, or none at all 

I^rom the Research Laboratoric*! Parke Davis S, Co Detroit, 
aecelved for publication June 23 1938 
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Table I 

Ciioss Quellung Ekaction With 30 Organisms Used for Antisera 



XXV ri 

xxvm 1101 

XXTX 1219 
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Cross Agglutination Reachoxs 


TTi 


TYPE 

SEPA 

CULTURE USED 
FOR SERUM 

SUSPENSIONS or Bffuy 


02444 1 02445 I 02179 | 1170 I 1171 | 1223 | 1101 | 1170 | 1174 1 1220 1 12K | 

1 


*4443 1 1 1 1 1 1 1 1 1 1 1 

2 

i^hqsiuhhi 

1 4400 1 1 1 1 1 1+1111 

3 


1 1 44211 1 1 1 ! 1 1 1 1 

4 

1170 

1 1 1 4444 1 1 1 1 + 1 1 1 1 

.5 

1171 

III! 4410 1 1 1 1 1 1 1 

fi 

1223 

1 1 1 1 1 4420 1 1 1 1 1 1 

'> 

1101 

1 1 1 1 1 1 4300 1 1 1 1 1 

s 

117G 

1 1 1 1 1 1 1 4444 1111 


1174 

1 1 1 1 1 1 1 1 4441 1 1 1 

10 

1220 

1 1 1 1 1 1 1 ± 1 1 4444 1 1 

11 

1210 

1 1 111 1 1 ± 1 1 144411 

12 


1 1 1 1 1 1 1 ± 1 1 1 l-Wi 

13 


1 1 1 1 1 1 1 1 1 1 . 1 

14 

lies 

1 1 1 1 1 1 1 i 1 I ' ■ 

ID 

1228 

t i 1 1 1 { 1 i [ 1 1 ' - 

10 

1180 

1 I 1 1 1 1 1 ± t i i *- 

17 

1183 

f 1 1 1 j 1 1 ± 1 1 i J 

18 

1217 

1 1 1 j 1 j I ± i 1 1 J 

19 

1222 

1 { 1 I I 1 1 ± } 1 1 J 

20 

1173-1 

1 1 1 1 lii |il lii L — 

21 

1213 

\ 1 1 1 1 1 1 ( f ^ - 

22 

1159 

1 1 1 1 1 1 1 ± 1 1 ! J— 

23 

1229 

1 1 1 1 1 i 1 I i ^ 

24 

1192 

1 1 1 ± ) I 1 1 1 1 ! -j — 

2.1 

1207 

1 1 1 1 1 1 1 1 1 — ! — 

27 


1 1 1 1 1 1 1 1 1 1 — ! 

28 


1 1 1 ! 1 1 1 ± I 1 1 j — 

29 

1219 

1 1 I±1 l±l l±l±l .J — 

31 

1237 

1 1 1 1 1 1 1 ± 1. ! J f- 

32 

1214 

1 1 1 1 1 1 1-1 .= — ! — — — j — 

Controls 


OlOIOlOlOIOiO 1 R 1 0 { 0 ( !LJ — « 


‘Four amounts of undiluted serum ivere used — 0.05, 0.025. 0.01, and 0.005 c.c.i tone 


sponding to dilutions of 1:20, 1:40, 1:100, and 1:200. , 

4 r= complete agglutination ; 3 = marked ; 2 = partial ; 1 = slight ; 0 = no ngglutma on- 
The blank spaces indicate negative results. 


The cultures are niaintaiuecl iu rabbit blood (one part defibrinated 
to two parts saline, about 5 c.c. to a tube). Cultures are incubated at 3( 
for eighteen hours and stored at 4° C. 

Method of Producing Antisera. — ^Rabbits, weighing about 5 pounds eadt 
were used throughout. Antigens of each tjTie were prepared by 
3 ’ouug groYdli from ascites agar in saline plus 0.5 per cent formalin, 
rabbit received one dose subcutaneously and then intrai'enous doses o 
creasing amounts tivice weekly for from three to six weeks. At intervals 
rabbits were sample bled from the ear and the serum tested for 
action and for agglutination. If a cleai--eut reaction was not obtained, 
were further treated. . 

The Quellung tests were made on either peritoneal fluid from 
jected with the specific culture or on rabbit blood culture. In eitbei 
malin had been added. The agglutination titers ranged from 1:40 to 
and sometimes higher. The serum from two or three rabbits on eae i 
was pooled and preserved with 0.5 per cent phenol. 

Technique of the Quellung Reaction . — Eighteen-hour cultures m 
blood preserved with about 0.5 per cent formalin were used for the ine 
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VMSUS Used FOR The Vntisffa 



leactioiis Foimalin appeals to intensify lathei than lessen the reaction and 
inakes a cultuie safe to use Onlj a few culUues ^\ele piepaied at a time 
‘'‘Hd used fiom ti\o hours to a week aftei the addition of formalin, though 
iiiuch oldei cultures ha%e often gnen satisfactoi^ results 

A drop of Loefiler’s inethjlene blue fiom a fine capillaij pipette is placed 
one comer on each of tliiee co\ci slips, a small loopful (2 mm ) of the 
cultuie being tested is placed neai anothei corner on each of the three cover 
® ^ps, then a laige loopful (4 mm ) of tjpc I seium is added to the loopful of 
culture on the fiist co^ei slip, mixed, and the stain diaun in and fiuther 
uused Tjpe II serum is added to the next and tjpe III to the thud The 
cover slips are then imeited onto a plain glass slide and the piocediue repeated 
''dh all the tjpe sera The slides aie then examined -with an oil immeision lens, 
reflected light from a fiosted blue glass bulb (100 uatt) 

When a positne leaction occurs, theie is a spelling of the capsule of the 
PUeumocoecus and the capsule has a definite outline In a negatne reaction 
‘c capsule of the organism appears onli’’ as a halo of lefracted light In 
her case the pneumococcus is stained a deep blue There is consideiable 
Aviation as to the size to which a capsule maj s-uell in the different tjpes 
V example, XXV has a veiy nan on capsule in positne leaetions, while 
^"Pes III and VIII have very laige capsules 
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Cross Agglutination RsAaic 


TYPE 

SERA 

SUSPENSIONS or DI 

I 1 II 1 III 1 IV 1 V 1 VI 1 vn 1 viii 1 i.\- lx 1 XI 1 . 

1234 11235-11 1238 1 1180 1 1103 1 1221 1 1181 1 11.14 | 1102 | 1240 | 1241 | 1178 | 3239 | 3393 I ] 

1 

4443 1 1 1 1 ! 1 1 1 i 1 1111 

o 

1 4311 1 1 1 1 1 1 1 1 1 1111 


1 14432 1 1 1 1 1 1 211*1 1 1 1 1 1 

4 

1 1 1 4421 1 1 1 1 1 ) 1 1 III 

5 

1111 4444 t 4443 III 1 1 1 1 1 1 

G 

1 1 1 1 1 10000* 11 1 1 1 1 1 1 

7 

1 1 1 1 1 1 14403 I 4444 | 1 1 1 1 1 

8 

M—|l| 1 1 l—iM — — IM— ■ 1 1 1 ■■ 1 1 1 ■■ 1 il—1 

9 

1 1 1 1 1 1 1 1 1 1 1 4444 1 1.1 

10 

1 1 1 i 1 1 1 1 1 111 4442 1 1 

11 

1 1 1 1 1 1 1 1 ± 1 1 1 i 1 4444_L 

12 

1 1 1 1 1 1 1 1 1 1 1 1 1 L 

13 

1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 

14 

1 1 1 1 1 1 1 ! 1 111)..' 

15 

1 1 1 1 1 1 1 1 1 till.' 

10 

1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 

17 

1 1 1 1 1 1 1 1 I 1 1 1 1 • 

is 

1 1 1 1 1 1 1 1 1 i 1 1 > b 

19 

1 1 1 1 1 1 1 1 1 III 1 L 

20 

1 1 1 1 1 1 1 1 1 1 111. 

21 

1 1 1 1 1 1 1 1 1 1 III _J- 

22 

1 1 1 1 1 1 1 I i 1 1 1 1. L 

23 

1 1 1 1 1 1 1 1 1 III 1 f- 

24 

1 1 1 1 1 1 1 1 1 1 1 1 -1 

25 

1 1 1 1 1 1 1 1 ± 1 1 II -t 

2T 

1 1 I 1 1 1 1 1 i 1 1 1 1 1 — 

28 

1 1 1 1 1 1 1 1 ± 1 III ! -1- 

29 

1 1 1 1 1 1 ±* 1 1 1 1 1 ..J •- 

31 

j 1 1 1 I j I } 1 1 j 1 1 - |- 

32 

1 1 1 1 1 1 1 1 1 1 1 ...1 

Controls 

0|0 I0|0|0|0|0|0i 0| 0 1 01 01 JL_l — LJ- 


♦Tests repeated with same results. 

Four amounts of undiluted serum were used — 0.05, 0.025, 0.01, and 0.005 c.c., 0“ 
spending to diiutions of 1 :20. 1 :40, 1 :100. and 1 :200. 


The blank spaces indicate negative results. 


Technique of ihc Agglutination Tcsls . — Agglutination tests were 


made by 
and, 


a rapid macroscopic method, using measured amounts of undiluted serum 
for suspensions, sediment from broth cultures. 

The supernatant growth from a twenty-four-hour rabbit blood cultuie JS 
used to inoculate tubes of veal broth (proteose peptone, pll 7.8-8.0) which a^e 
incubated eighteen hours. Approximately 0.5 per cent formalin is added an 
the cultures thoroughly mixed. They are then centrifuged, the broth tc 
canted, and the organisms resuspended in broth and formalin. This snspei^ 
sion is thoroughly mixed and allowed to stand for two or three houis m 
narrow tube to allow any clumps or debris to settle. Tlie supernatant 
geneous suspension is then removed to a clean tube and diluted with 
and formalin to a density of 5 to 8 billion organisms per c.c. 

Test. — One-half cubic centimeter of each type sernm is pipetted to 
tom of small tubes (Kahn tubes), and 0.1 c.c. .suspension of the eultnie 
tested added to each. For the homologous type the serum amount.? 

0.025. 0.01. and 0.005 c.c. The raelts carrying the tests are inclined to aim 
of 45° and slowly .shaken for two minutes, 0,5 c.c. saline added, an 
results read. 









NoniiT c\MfKON sri(nicij\ oi p\i umo(occus uits 




ICATE CULTDPES ON CFRTMN TYPES 



EXPERIMCNTAl/ 

Cross Qitelliing Tests — Each hpe sciuiii v.as tested against the 30 t^^^e 
cultures '^\ere used for antiserum pioduction The results are contained 
la Table I jn all the tables Aiabic mimeials lepiesent serum t^pes and 
Roman mimeials the cnltuie t\pcs It ml) be seen that uitli the exception 
euUme No 1237, t>pe XXX\, which was positne also m t>pe 20 seimn 
tlmie were no cioss leactions 

Among the cultuies not used loi seiiim pioduction anothci stiani of t>pe 
(No 1231) was the onlj cnltuie which showed cioss leactions Ihis 
also positne in tjpe 20 seium, while a thud cnltuie (No 123G) was 
Hegatne (Table II) 

Therefoie 61 out of 63 cultuies gaie tipc specific leactions bj the Neu 
^ehl Quelliuig test undei the coiulitions of the expeiiment 

Gro^s Agglutin(ifio?i Jes/s — Cioss agglutination tests with the 30 cultuies 
for antisera ni geiieial showed little ciossiug (Table HI) T\pes VIII 
and XVI gaie doubtful icaetions with the ma]out\ of seia at 0 05 c c When 
filer a doubtful oi appaientl^ mconsisteiit result was obtained the tests weie 
^^Pcated 

Among the cultuies not used £oi seium pioduction (Table IV) one tjpe 
ni culhue (1238) showed paitial agglutination m tjpe 8 seium, one tipe VII 
(1162) eiossed slightly with 3, one tjpe IX (1178) shghtlj with 8, and one 
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type XXXI (1231) showed marked agglutination in types 13, 20, and 23. 
Culture 1181, which was typed as VI by the Neufeld reaction and checked 
several times, failed to agglutinate in any serum. 

One culture (1218) which is morphologically a pneumococcus, ferments 
inulin, and is soluble in bile, has been consistently negative by Neufeld and 
shows some degree of agglutination in practically all type sera, but complete 
agglutination in none. 

Agghdination and Quclhnig Reaction With Types III and Till. — As there 
has been considerable mention in the literature concerning the crossing of types 
III and VIII, a few additional strains were tested, including a culture of type 
III labeled “Rs" and one of type VIII labeled “Henrique,” received from 
Georgia Cooper, February, 1934, and an old type III, received from Rocke- 
feller Institute in 1922. The results are given in Table V. 


Table V 

Agglutination and Quellung Beactioxs With Types III and VIII 


CULTURFS 

AGGLVTIKATION > 

1 QUEI.H'XO 


IE 



EHlSl 


SERUM 

o 

sznoM 

S 

III 

Eocltefeller 

3 

4 

4 

4 1 

1 

- 

- 

- 

+ 

• 


02179 

4 

4 

2 

1 


- 

- 

- 

■i- 

*• 


1238 

4 

4 

3 

2 

3 

1 

- 

- 

+ 

■■ 


1299 

3 

4 

4 

4 

1 

1 

- 

- 


** 


1300 

4 

4 

4 

4 

2 

1 

- 

- 

+ 



Cooper Ej 

4 

4 

4 

4 

3 

1 

- 

- 



VIII 

1176 

_ 

_ 


! 

4 

4 

4 

4 

- 

+ 


1240 




1 

4 

4 

4 

3 

- 

+ 


1241 

- 


- 


4 

4 

4 

3 

- 

+ 


Cooper “Henrique” 

- 

- 

- 

- 

4 

4 

4 

2 





•Serum 3 was produced with 

cuiture 

02179 

and Serum 8 

■with 

culture 

1176. 




Five out of six strains of type III crossed slightly with type 8 serum hj 
agglutination, and the five type VIII strains showed no crossing with serum 3, 
M'hile type specific reactions were obtained with all by the Quellung test. 


SUMMARY 

Cultures of Diplococcus pneumoniae, representative of types I, IR 
aud the Cooper types IV through XXXII (except XXVI and XXX which are 
noAV grouped as VI and XV, respectively) were isolated and antisera prepar 
These 30 types were found to be remarkablj’^ spoecific by both agghitw*! 
tion and Quellung reactions, the latter being the more specific. 

In contrast to the numerous unsuccessful attempts which have been m^ 
in the past to separate various species of bacteria into types, the classi ca 
of the pnenmoeocei as originated by the late Georgia Cooper has been 
peatedty confirmed. 

1 m- F w. 

Our appreciation is clue to Dr. A. H. Price of the Receiving ado D . from 

man of the Henry Ford Hospital for their kindness in furnishing us ivitn m 
whicli tile cultures were obtained. 
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EVAIjUATION op II AND 0 ANTIGENS IN AGGLUTINATION TESTS 
rOR TYPHOID FEVER'" 


IjDCiirR lUc, Pii D , C^TiirniNT S Fiann, PhD, \nd f Aitred Peria, ScD 
Baltimorp Md 


’^IIE Aniue of caiefiilh standaidized II and 0 t3plioul antigens as proposed 
lu TeliK* o\cr AVidal’s (1S9G) Ining antigen oi the foimolizcd antigen 
IS generallj accepted XToive^ei, theie is still iinccrtamtj as to (a) what con 
stitutes diagnostic titcis with II and 0 Jintigens, (b) the effect of antit\phoKl 
inoculations on the de^s clopnient and pcisistencc of II and 0 agglutinins, and 
(e) the lespectue -laluc of Iniiig and of II and 0 antigens in routine public 
health work 

Felix considered a seium titoi of 1 200 oi more with an 0 suspension as 
a positive agglutination reaction foi typhoid fe^ei The titeis which otliei 
inustigatois- ® ha^e consideied to be significant base, howescr, saried w idelj 

toelj7i5 Q 

as liigli as 1 160 been found m serum of \accmated 
induiduals unless vaccination against tjphoid has been \erj recent (within 
Six months) Agglutination titers with the 0 antigen m normal uninoculated 
persons have usuallj^ been low * Occasional higli titeis maj ha've been 

due to such persons being eairieis 

There is, therefore, a definite need foi fmther elniifieation and evaluation 
of reactions with these antigens befoie they can be used to best advantage m 
tontine diagnostic laboraton woik 


SELECTION AND PREPARATION OP ANTIGENS 


fhe wide vaiiation lu the agglutination titeis consideied indicatne of 
J^phoidfevei is due in no small part to the scnsituitj of the antigens used 
•S in turn, is dependent on the stiains of oiganisms used and the method 
preparation of the antigen In this stud\ an effoit was made to select 
strains of Vhe}thella tj/phoHa of high scnsitnitj and to piepaie them in the 
most effective way 


0 antigens were piepaied aeeoiding to the methods of Gilheit, Coleman, 
j**! Laiiano,^ and Jludd The tuibiditj of the final suspensions was adjusted 
^ ®|*iadaid No 3 of the MacFailand nephclometei No diffeieiice was found 
mtie sensitivity of the antigens piepaied by either method Since the Mudd 
, simplex, it was used in piepariiig all other 0 antigens Nine 


diffei 


0 antigens were piepared 
to prepared by pooling sevcial diffcieiit stiains of organisms seemed 

_^_y^d somewhat less satisfactoiy lesults than did single strains of higlily 


Bureau of Bacteriology of the Maryland State Department of Health Baltimore 
ceivecl for publication June 27 1938 
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sensitii'e organisms. The pooled antigen showed only the degree of sensitivity 
a.ssoeiated with the weaker sti’ains. The addition of tlie moi-e active strains 
failed to compensate for the iveaker ones. The importance of using a iiigiily 
sensitive 0 antigen cannot he overstressed. 

No difficulty was encountered in securing highly sensitive H antigens from 
actively motile strains of Eherthella typhosa. Several of these were compared, 
and all yielded .similar titci’s. 

H and 0 agglutination tests were incubated overnight at 52° C. with the 
level of the serum dilutions above the level of the water in the bath to create 
convection currents in the tubes. Titers were based on the highest dilution 
in which a definite (2+ or higher) agglutination reaction was obtained. 


SELECTION OP SERA FOR STUDY 

Over 3,000 sera were examined in tliis study. When there was sufficient 
material, the blood clots were cultured in Kracke-Teasley medium.^® Prelimi- 
nary microscopic agglutinations with living typhoid and paratyphoid B anti- 
gens were carried out in serum dilutions of 1 :40 and 1 :80, and those sera 
which showed definite agglutination (2+ or higher) after one hour at 37° C. 
in the 1 :40 dilution were then titrated by the tube method for H and 0 agglu- 
tinins in dilutions from 1 :20 to 1 :5,120. Furthermore, only those sera whicli 
showed 0 titers of at least 1 :80 were selected for study since it had been 
found that Eherthella typhosa is rarely isolated from any case with a lower 
concentration of 0 agglutinins. All cases reported as typhoid during the 
course of this study' and on which agglutination tests were made, were found 
to have had an 0 agglutination titer of at least 1:80. Two hundred and 
eighty-eight sera were studied in this way. These were divided into three 
groups (1) 181 sera from reported eases of typhoid, (2) 69 sera from cases 
not reported as typhoid, although considerable 0 agglutinins were present, 
and (3) 38 sera from febrile nontyphoid cases. In addition, sera from a fourtli 
group of 25 persons who had received antityphoid inoculations were studied. 

Specimens were received for the most part in Keidel tubes. After le- 
moval of the serum for agglutination tests, the clot was cultured. Speem 
blood cultures ivere also received from some eases and stool specimens Bom 
others. 

Sera from 99 of 181 reported eases of typhoid had mieroscopief as veil 
as H and 0 titrations cai’ried out in dilutions from 1:20 to 1:5,120, 
determined by the microscopic agglutination test using a living antigen >a 
been found to bear no constant relationship to either the H or 0 agglutination 
titers. 


RESULTS OF STUDY 

Group I. Cases Eeported, as Typhoid . — ^An 0 agglutination titer of 1^^ 
or greater was found in over 90 per cent of reported typhoid cases 
of the fact that manv' specimens w'cre taken early in the course of the is 

a- = 

*1+ = practically all bacilli clumped; 3+ = appro.timately 75 per cent clumpc 
per cent ; -v = 25 per cent, ccuratelj' ‘lili'n" 

tThe microscopic tests -were made using standard size -°nj,;callv. 

scrum and antigen suspensions mixed on cover slips and examined micro,i. r- 



me IT 


nviuMioN 01 n 4 \d o iistk.i ns 


0C9 


11 aggliitmin titeis weic found to be iimcli Jo«ei tliaii 0 luentj one pei 
cent (20 9) of tlic 181 lepoitcd t\pboi(l cases had II tileis less than 1 IGO as 
compaied to 8 S pci cent foi 0 nggliitination, nlieicas onlj 47 0 iiei cent liad 
II titeis of 1 G40 01 gieatei coinpaicd to 74 0 pei tent nitli siinilai 0 titcis 
(TabJe I) 

In tins gioup of 181 lepoited tsplioid casts, tlieie iicic 6 (3 3 pci cent) 
iilneli slioned an 0 titer of 1 320 oi liigliei but no II titei at <iU, and 13 
(71 pel cent) nhicli sliowcd an 0 titei of 1 320 oi liiglici and an II titei 
not inghei tlian 1 40 All except tliiee gate inicioscopic titeis tonipaiable to 
tlic 0 titci Ubcithclla iijplioKt Mtis isolalid limn tlic blood of b] ot the Ibl 
reported eases and lioni stool oi in me spetiineiis ot 3b otbeis 

Tvnii I 


H AMI O A( ( II TINATION TiTI rs IN ISl C'tSrs lllj OI TIP \S 1 M Ilnin 


Titcr 

Ulood PoNiitue j 
£■ fyphosa 
('1 bern 

btool 

r t}/phO‘!a 
**(» Sera 

L tijihota 
■\or l‘*olitcd 

S4 

181 Sera 

0 H 

0 H 1 

<) Hi 

' 0 H 

1 80 

3 ICO 1 

1 320 

3 no or Iiigher , 

J‘er cent 

115 180 

OO 211 

1 14 7 1 

1 75 1 40 0 

iVr cent 

S 1 2 

5C 1 

1 2 8 10 r 

1 813 47 

Ptj tent 

1 7 1 21 4 ' 

8 20 1 

I 14 3 10 7 

-0 1 47 7 

I Per cent 

\ 8 8 20 4 

7 2 10 3 

[94 11 

1 74 0 47 0 


Group II Cases Hot Rcpoiied as Typhoid — Seia neie eNaniined fiom 69 
cases tilth 0 titeis of 1 80 oi bigbcr tiliieb tveic not lepoitod ns tjpboid 
Of these, 17 (24 6 per cent) gate 0 titers undei 1 160, tvbile the leranniing 
■>'1 or 75 4 pel cent, had titers of 1 160 or greatci (Table II) It seems lihelj 
that a hige iiuiiiber of these iiiaj hate been niireeogiiized or niiiepoited cases 
of tjphoid 111 lien of the fact that 71 pel cent of the 69 bad 0 titers of 1 320 
or greatei, iibile in a gionp of 38 iioiittplioid cases (see Table III) and 25 
peisoiis gneii aiititj phoid inoculalioiis (Table IV) oiilj 2 (taccinatcd) bad 
0 titers as high as 1 160 That some of these cases tveie niidonbtedii ti iihoid 
's fiirthei suppoited bj the isolation of Vbeilhetla tijphosu tiom seteial blood 
cultures If these 52 cases tide tjpboid fctei as the etideiice indicates, it is 
possible that nearlt a qiiaitei (22 3 pei cent) of the tipboid cases (181 4 52) 
Ueieiieiei lepoited as siicli 

Table II 

b i\i> 0 trcLCTiMTioN Tners in C9 Sepi ttirn O Tiwrs or 1 SO ok GrniEi- isoT Be 

1 OrTFP CciMCAllt AS ItPIIOID 


' o " H 

Ter cent Pei cent 

Unilti 1 100 21 0 S4 S 

1 100 4 4 17 4 

1 320 14 S 18 S 

1 040 0- liiglicr 50 5 20 0 


Gioup III Pcbule Honiyphoid Cases — Seia iiete e\nmincd fiom 38 non 
'Phoid cases On the basis of agglntniation leactioiis, 10 iicie tnlaiemia, 5 
''udiilant feicr, 4 spotted letei, and 3 infectious moiioiiueleosis In 16 111 
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stances in ivliicli no diagnosis -svas made bj’’ the physician, the laboratory tests 
ivere negative. The 0 agglutination titer for typhoid was 1:80 or less in all 
these cases previously (Table III). 


Table HI 


Classification and O Titees on 38 Febrile Nontypiioid Cases 


DIAGNOSIS 

CASES 

0 AGGLUTINATION 

Tularemia 

10 

Partial 1:40 

Undulant fever 

5 

Partial 1:80 

Spotted fever 

4 

Partial 1:40 

Infectious mononucleosis 

3 

Partial 1:80 

Undiagnosed 

16 

Partial 1:80 


Group IV. Vaccmated Individ-Kah . — The sera of 25 individuals who had 
been given antityphoid inoculations were tested for their 0 agglutinin titer.s.* 
Onty 2 of the 25 sera had titers of 1:160. Nine had been inoculated within 
a year and the rest from one to three jmars (Table IV). 

Table IV 

H AND O Titers on 25 Persons Given Antityphoid Inoculations 

HISTORY PERSONS 0 TITER 

Inoculations within year 9 Highest 1:80 

Inoculations one to two years previous 10 Highest 1:80 

Inoculations two to three years previous 6 (2) 1:100; (1) 1:88 


DISCUSSION 

The titer which is accepted as an indication of positive serologic reaction foi 
typhoid fever should he (a) sufBciently high that it tvill seldom be found 
nontyphoid cases, but (b) loiv enough that it will be of value in early dm? 
nosis. If too high a titer is used, a large number of reactions ivill have to 
reported as suspicious or indeterminate and other specimens obtained. While 
the examination of multiple specimens is highly desirable, it is not alwa.'S 
possible for a physician to obtain these, and he may construe a suspicions 
report on a typical case as contraindicating the diagnosis of typhoid feicr. 

IVlien highly agglutinable 0 antigens have been used, a titer of 1:160 ha^ 
been found sufficiently high to constitute a positive serologic test for tiT i 
feA’er. This titer is found early enough (in the course of the disease) 
practical, and yet is rarely found, after six months, in persons who hare 
gh’en antityphoid inoculations or who are suffering from infections othei a 
tyTihoid. In our experience Eherthdla iyphosa has seldom been isolate! i^ 
any case of typhoid when the 0 titer has been less than l:S0.t I’’ 
majority of cases of typhoid, an O titer of 1:160 or greater has 
with the first specimen submitted to the laboratory, and in practicallj ^ 
where Ebcrthclla iyphosa has been isolated from the blood stream, the 
has been so high (1:640 or greater in 75 per cent of eases) that no 
question could be raised as to the diagnosis. In eases where the 0 titer i 


•The authors are indebted to Dr. H. B. Xliller. of the 1392nd Companj 
D-2-Md., Goldsboro, Marj-land. for blood from vaccinated persons. 

tone or two isolations have been made subsequent to this study. 
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cominiatucl} low on the fust spocinien suhmitttcl, a liigh titci m<is in 
laiiabh obtained in subsequent specimen*; (0 aj'glutmui'; ha\e been found 
Lonsicleiabh earlici in the couise of the disease than t)ic II agglutinins) 
In a series of 38 fcbiile nont\phoid cases, all of tlie seia had nggliituiation 
titeis belou 1 IGO Fuitlicinioie, seia fiom onh 2 of 25 sacculated iiidi 
Mihnls had titeis as lugh ns 1 IGO Oui lesults tbeiofoie aie in agiecinent 
with those of Felix," Smith - Gaidnci,® and Lenin,** nho suggested that a 
1 200 titei nas diagnostic, oi, to he inoie exact siuee oui dilutions did not include 
1 200, ne feel that a titci of 1 IGO inai be considcied diagnostic The 1 500 
titei of Diilnnej and othois^~ lias been found to be too high mtli the antigens 
used m this stiuh Since a use in litci seems to be the best indication of 
infection, wc noiild ngiec nitli Bolc^® and othcis tliat it is best to caii\ out 
tlie complete fitiation each tune lathei than to use onlj one or tuo dilutions 
Seia fiom a niimbci of cases of undiagnosed illness \scic found to ha^e 
an 0 agglutination titci of 1 IGO or higliei The agglutination leactions weic 
so liigli 111 most cases as to lca%e little question of typhoid infection and in 
tno eases, EheiiJiclla iyphosa was isolated fiom blood eultines Although 
these had not been so icpoited, mam of them piobnhh wcie t^phold fcxci 
It is thercfoie, possible that iieaih a qnaitci of the t\p]ioid cases considoied 
in this study iveic ne^ei icpoited as such These findings waiiaiit a health 
department in promptly iiiiestigating all cases which show’ positne serologic 
tests for t\ phoid feiei and in collecting blood and stool specimens fiom these 
cases legaidless of whethei oi not thej aie clmicalh positne Tins obsel^a 
tion IS 111 accord with that of Selleis2<» ostimatcd tj phoid fe^ei cases 
in Geoigia foi 1935 on the basis of deaths as 2 500 against onh 1,013 leported 
There has been a tondenc^ in recent xeais to dispaiage the micioseopic 
IViiHl test With a living antigen The use of diied blood is, of couiso, a ciudc 
and macemate method, though it has been of \ei 3 gieat lalue In oui stuch 
of o\ei 3,000 eases of possible typhoid fe^ei, tlie micioscopic agglutination 
test earned out with a sciisitne, smooth, lining antigen has been found to be 
almost as valuable fiom a diagnostic standpoint as the macioscopic test using 
the never 11 and 0 antigens, pioiidcd the amount of sciuni aiailable is sufficient 
lot accuiate dilutions and the technical woikei has had cxpeiience in the 
leidnig of the microscopic test Occasionally the 0 titei is consicleiabh 
highei and hence of gieatei diagnostic xalue than the titer with the Ining 
antigen, although at times the iCAOise may be the case H and 0 antigens 
^“311 be eaiefnlly standaidized, leadings aie less susceptible to indnidual eiioi 
difiieulties m antigenic and cultiual xauations can be aioided, and tlie 0 anti 
is agglutinated eailiei in the couise of the disease In addition, the 0 
^•digen lias, been found of \alue in detecting carneis 

The routine use of an H antigen for typhoid has not been found of piae 
heal ^ alue Its use is nuheated in those cases in w Inch a a aceniated iiidu idual 
suspected of haMiig typhoid Ciuickshank^^ has pointed out that H agglu 
hums haye fiequently been found to be absent in typhoid cases "While yve 
^>'^ve not obseiyed this phenomenon to any extent, we liaye nut fonnd the 
I'oiitine use of H agglutination of yahie The leieiit woik of Danioir- confirms 
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tlie ivork of others that H agglutination is not always specific. Also, file II 
agglutination may, at times, he pai-tly or totally an anamnestic reaction. 

Eepeated blood .specimens haA'e been found to be of great value in eases 
with comparaliA’ely low initial titers or in cases in Avhich there is some ques- 
tion as to diagnosis. We have failed, hoivever, to obtain qiositive blood cul- 
tures in many typhoid eases which haA'e almost invariably given high 0 ag- 
glutination titers with our sensitive antigens. 

Nearly all of the 181 sera received from reported cases of typhoid in 
Maryland, including 61 sera from ivliich positive blood clot cultures had been 
obtained, showed at least partial 0 agglutination in a dilution of 1 :80. II agglu- 
tinins were present in a titer below 1 :80 in 7.1 per cent of the cases and entirely 
absent in only 3.3 per cent of the cases. 

SUMMARY 

On the basis of this study^, an 0 agglutination titer of 1 ;160 with an anti- 
gen of satisfactory sensithdtj^ may be considered as a positii’e serologic test 
for typhoid, ivhile a titer of 1 :80 is suggestive and should be cheched by 
further specimens. 

Of approximately 3,000 sera examined during 1935 and 1936, 313 ivere 
selected on the basis of agglutination reactions ivith a sensitive living antigen 
and further studied for their H and 0 titers. 

Sera ivere examined from 181 reported typhoid cases. In 61 of those, 
Eherthella typlwsa was cultured from the blood; in 36 others, from stool 
specimens. All sera had at least a 2-i- 0 agglutination in a dilution of 1:80- 
Ninety-one and tivo-teuths per cent had an 0 titer of 1 ;160 or greater, 84 pei 
cent a titer of 1 ;320 or greater, and 74 per cent a titer of 1 :640 or greater. 

Of the 61 sera confirmed by positive blood clot cultures, 75.4 
shoAved an 0 titer of 1:640 or greater, 81.9 per cent an 0 titer of 1:320 or 
greater, and 88.6 per cent an 0 titer of 1 :160 or greater. . 

The titers on sera from 38 febi'ile, nontyphoid patients and from 25 mOi 
Auduals Avho had receded antityphoid inoculations, Avere less than 1- > 

except in tAvo of the A'accinated indmduals. 

In routine Avoi’k, H titrations liaAm not been found of value, except ah 
sera from indhuduals knoAAUi to haA’e been A'acciuated. _ I 

Ea'Ch though reasonably reliable results can be obtained bj^ expeiicn 
Avorkers Avith the microscopic Widal test using satisfactory living an ic ’ 
there are so many practical adA’antages in the use of an 0 antigen suspensio 
that it should be routinely employed. 

, •! ,. jjilzabcth 

The authors wish to acknowledge the valuable criticisms of this paper ma c . ^ depart* 
Petran and Ruth Myers of this department and by Thomas C. Grubb, formcri> 
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OBSERVATIONS ON THE USE OP QUINIDINE SULFATE IN CHILDREN* 


Charles E. j\Iesselofp, M.D., NE^v York, N. T. 


T he action of quinidine sulfate on the human heart has been the subject 
of numerous investigations. These have established (1) that quinidine 
j)roduces definite electrocardiographic changes (2) that it is rapidlj' elimi- 
nated from the cardiac structures;®'® and (3) that little cumulation of the 
drug takes place in the heart.®* ® Due, no doubt, to the fact that the more 
serious tj-pes of cardiac arrhythmias are infrequent during childhood, studies 
on the use of quinidine in man have been limited to adults. Horrever, it rvas 
deemed desirable to know whether the observations relating to the action of 
the alkaloid on the human adult heart are applicable to that of the child. 
Accordingly, the effects of this drug, at various dosages, were studied on 12 
children : 10 with regular siinrs rhythm, 1 with frequent and persistent pre- 
mature auricular eoutractions, and 1 with brrndle branch block associated with 
congenital heart disease. 

These observations revealed four significant points with reference to the 
use of quinidine during childhood: (1) Impairment of A-V conduction and 
of intraventricular conduction as well as decrease in the amplitude of the 
positive T-wave, phenomena noted in adult studies,'*' " are also seen in chil- 
dren. (2) Quinidine may be safely administered to a child in doses propor- 
tionally A’ery large for the age and the weight of the subject. (3) The prin- 
ciples of dosage and of cumulation governing the clinical use of the drug m 
children appear to be identical with those reported in adults. (4) A furthci 
point of interest is the fact that intraventricular conduction in the child wRh 
the bundle branch block was not unduly impaired by quinidine. The detail 
of the obsei'vations made on the 12 ehildz’en, together with a discussion o 
several features of special interest, form the pubject of the present report. 

OBSERVATIOKS 

1. Observations on Children With Regular Sinus Rhythm. — Quinidine®'**^ 
administered to 10 children with rheumatic heart disease who were attendnv 
the Cardiac Clinic. Their ages ranged from 8 to 14 years. All had 
sinus rhythm and none presented signs of congestive heart failure. 
dose in everj- case was 9 grains daily, and this was gradually increase! 
they were taking 45 grains daily in divided doses. Despite the 
employed, extracardiae evidence of quinidine toxicity, gastrointestinal, "'m 
or auditory, did not appear in a single instance. 

•From the Cardiac Clinic of the Hospital for Joint Diseases. 

Received for publication. July 1, 193S. 
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The cailiest and most constant clectiocaidiogiapliic change was a decrease 
111 the amplitude of the positne T'tta'\e in all leads Tins occuiied in e'very 
child in this gioup and appealed to be a 'leij sensitne leaction to quinidine 
therap} In some cases it vas the sole CMdcncc of quinidine effect on the 
heart, and appealed vith doses as small as 9 giains daih in a few childien 



™>oiigation of the QRS time, ranging from 25 to 50 pei cent of the control 
lias piesent in 4 of the 10 cases Tins ineiease of the QES time 
‘'Ppeared oiilj nhen the lei el of dosage was stepped np to 30 grains A-V 
Has found impaiied in tiio instances, and then onlj during the 
Period of dosage of 21 to 30 giains dail> In one case the control P-R interval 
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of O.IG increased to 0.18 .second, and ni the otlier case the control P-R interval 
of 0.16 increased to 0.22 second. 

2. Ohservatious on a Child M'ifh Premature Auricular Coniraclwns. — C. II., 
a bo}- 10 year.s old, vas referred to the Cardiac Clinic for a study of a cardiac 
arrliytlnnin discovered in the course of a routine phy.sical examination. The 
final diagnosis established in the clinic was regular .sinus rhytlini with pre- 
mature auricular contractions, Class E (possible heart diseasc).- 



Tlie effect of the drug on the premature contractions is shown in Figs. 
I and 2. Tiiese show that when quiiiidinc was administered in divided daily 
^oses, it was necessary to increase the level of daily dosage to 30 grains in 
order to abolish the premature contractions. On the other hand, one single 
of 15 grain.s sufficed to abolish tlic ectopic beats witlnn one hour and to 
lue\eut their reappearance for at least five hours (Fig 2). TJie clinical 
Jesuits of quinidine administration in this child differed in no appreciable way 
icmi those obtained in adults with a similar arrbj'tlimia.^® 

Electroeardiographieally, there was evidence of depression of both Ji-V 
of hitraventrieular conduction during the period of dosage of 30 grains 
the 1^-lt interval having increased 29 per cent and the QRS time 25 per 
above the original values. A lowering of the amplitude of the positive 
■'vave appeared after one week of 15 grains daily, Avliile the maximum de- 
^0 Poi' cent below the control reading appeared only at tlie 
daily dosage of 30 grains. 

^oUowlng the nomenclature adopted by the New York Heart Association. 
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The maximum effects of the single dose of 15 grains consisted of a 27 per 
cent decrease in the amplitude of the positive T-wave and a 10 per cent increase 
in the QRS time (Fig. 2). These changes appeared within two hours, ivliicli 
is about the same time required in adults for a similar dose to produce its 
greatest effect.-- ® The electrocardiographic changes seen in this child, both 
during the period of divided daily doses and after the single large dose, ivcre 
essentially the same as those observed in adults.® Attention should, however, 
be called to the fact that others^® have failed to find impairment of either 
A-V or of intraventricular conduction after the administration' of as much as 
GO grains of quinidine daily. An explanation of this diffei-euee cannot be 
offered at this time. 

3. Observations on a Child ^Vith Bundle Branch Bloch. — J. S., a boy 6 years 
old, was referred to the Cardiac Clinic with a diagnosis of congenital heart 
disease. The diagnosis after complete examination was heart disease of con- 
genital origin, interventricular septal defect, enlarged heart, normal sinus 
rhythm, bundle branch block, and no diminution of the functional capacity 
(Class 1).^ 

In order to observe the effect of quinidine on a heart with a bundle branch 
conduction defect, the drug was given in gradually increasing doses, beginning 
with 6 grains daily. It was found that doses up to 9 grains daily failed to 
produce any change in the electrocardiogram, while doses of 15 and 20 grams 
dailj^ caused a prolongation of the QES time bj^ about 17 per cent. A dose 
of 30 grains daily for four day^s further increased the QRS time up to 33 pet 
cent above its original value (Fig. 3). No significant changes were seen m 
the P-R interval, the T-wave, or the sinus rate. These findings are in com- 
plete accord with those of Gold and his co-workers® who observed no unusual 
susceptibility of an adult with bundle branch block, given large doses of 
quinidine, to the depression of intraventricular conduction. 

COMMENT 

The average daily dose of quinidine in adults is from 15 to 30 grainy 
although 60 grains and more have been administered daily for long pemo 
of time without untoward effect.®- The average adult daily dose was 
exeefeded in every one of the 10 children v-itli regular sinus rhythm, 45 grains 
of the drug having been taken daily for two weeks. None of them sio 
symptoms of cinehonism or developed serious conduction disturbances 
ari’hythmias. These observations suggest that the full average adult dose ma 
be safely given to children rather than the fraction of this dose based eit le 
on the age or on the weight of the subject. Nevertheless, since 
vidual variation in sensitivity to quinidine is known to exist, it is adwsa 
to check the degree or the presence of conduction impairment bj' trcu 
tracings when large doses are employed, as wms done in the present s u . 

No appreciable cumulation of the drug in the cardiac structures 
evidence at any time. Thus, the daily administration of 30 grams da . 
five weeks to the child with extrasystoles produced no greater changes 
electrocardiogram at the end of this period than after one week of me ic- 


Following the nomenclature adopted by the Kew York Heart Association. 
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Howe\er, it should he cmphnsucd that inasmuch as ohsel^atlons neie made 
onlj at i\eeldj iiitei-\als, it is not siupusiiig that cumulation not noted 
in an} of the cases studied, since cumulation on a fi\ed dail} dose occuis only 
during the fust few da%s of medication® 

It should he further noted that a studj of Pigs 1 and 2 shows \ery clear]} 
that It IS the si7e of the indiMdual dose and not the total pciiod of dosage 
that deteimines the magnitude of the eftects of quinidnie Thus, one 15 gram 
dose was nioic eftcctnc in abolishing tlic piematiiie aiuiculai coutiactions 
and was piodiictnc of gieatei eleetiocardiogiaphic changes than a similar 
'imouiit gneii in 5 giain doses three times dail} foi one week Moieo'vei, the 
clinical and eicctiocaidiogiapluc changes pioduced b} the single laige dose 
irere pnctieall} identical with those noted aftei the piolonged adnnnibtiation 
of 30 giains daih hut dnided into thiee 10 gram doses 

The findings in the ehildien studied, both ns thev i elate to dosage and to 
cumulation of quinidme, are csscntiall} the same as those leported b} Gold 
'ind his eowoiheis® ni then stud\ on the use of tlie alkaloid m ambulatory 
adult caidiac patients 

SUAIWARV AND CONCLUSIONS 


1 Observations were made on 12 childicn lelatne to the action of qumidme 
sulfate upon then heaits Tiic lesults, clinical and electrocaidiogiaphic, weie 
compared with published findings m adults 

2 The electrocardiographic changes pioduccd h} the diug in children 
were found to be identical with those noted in adults Tho clnucnl lesults in 
0 child with fiequent prematmc aiuiculai continctious differed m no appre 
ciahle niaiinei from those seen m an adult with a siniihi airhjthmia Pub 
hshed obseivations that quinidinc pioduced no unusual depiession of intia 
'catiicuhi conduction in an adult with bundle bianeh block weic confirmed 
m a child with a similai conduction irapanmcnt 

3 Children foleiate laige doses of quiiudine as judged b} the age and 
eight standards The usual adult daiJv dose of 15 to 30 giaiiis ma} be safel} 


eUen to childien It is advised, liowevci, to contiol the laige doses b} fre 

Quent eleetrocaidiogiams 

^ principles uiidezhmg dosage and cumulation of qumidme estab 
ed foi adults appi} equally to childien 
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THE EFFECT OF BANANAS ON LAXATION* 


Philip L. Hakris, Ph.D,, Charleston, S. C., and George L. Poland, B.S., 

New York, N. Y, 


P RELIMINARY to a clinical investigation concerning the laxative effect ot 
various fresh fruits, a short explox-atoi-y study was carried out on raB’ 
Normal male albino rats, 90 to 100 days of age and representing eigld dift’cJ’ciff 
litters, were used. The banana was chosen for study as a tj^iical fresh fn’ff 
which is readily available, ividety used, and of constant composition. Furthci- 
more, several conflicting opinions which have been expressed regarding the 
laxative value of bananas, should be I’eeoneiled if possible. Bergeim and eo- 
workers,^ Eddy,- Russell,^ and von hleysenbug,'* have proved to their satisfaction 
that bananas have a definite laxative value. Other investigatoi’s, Tliompson, 
Noi’thmann,® Pease and Rose," are equally convinced that this fruit has no m 
fluence on bowel movement. However, the American Medical Association, o 
niittee on Poods,® has allowed the advertising claim that "Ripe bananas • • • ‘ 
an aid against constipation," thereby recognizing that bananas have at ca. 
regulating effect upon laxation. 

The present experiment was divided into three periods of fourteen 
During the first period the animals were fed the breeding colony diet 
of % whole Avheat, % whole milk powder, and 1 per cent sodium cldorido- 
same ration plus 20 gm. of banana pulp from fruit not completely ripe 
peel with green tip) was fed during the second period. The third . 

identical intli the second, except that the banana pulp was from fu .' 
bananas (yellow peel with broum flecks). One week was allowed h ' 
periods II and III, during which the rats received only the basal diet so 
no effect of the second period would be carried over to the third. ^.jja 

Of the six criteria for determining degree of laxation proposed In pf 
only three were considered practical for use in this study, viz., (1) 

'From the Steilieal College ol CharlCKton .ind the Besearch Daboratoo. UniW 
New York. 
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intestinal content osacuated pci d.13, ( 2 ) -natci content of the feces, and ( 3 ) 
lixation late 01 mnnbci of defecations pei daj Consequenth, eaeli dac at the 
same hoiii feces fioin each iiidi\idiial animal neic collected, counted, and 
weighed At the end of each week, dining the c\pcrimcntal periods, the total 
collected fcecs fioin each lat ncie clued total solids neie deteimined, and watei 
content was calculated The lesiills aic shown 111 Table I 


Tvbie I 

SnOWINO THE Lcactue Eifect of Bwcnas ttllLS Fed at Diffeccat Stcges of Kipesess 




IFEDINO PERIOD* 



1 

1 tt i 

1 


Ay^p ycr 

01 

TESULTS 

Ay FK VGE 
OP ' 

rnsuLTS 1 

1 Ei CFVT 
IVCPEVSE 

oymr 
rrrioD i 

WEPACE 

or ' 

PESULTS 

PEP CE^T 
INCFEASE 

o\Er 
PFRIOD I 

kosation rate (number fecal units 

15 0 

20 0 

31 

23 9 

50 

per day) i 

eight of feces (mg per daj) 

1230 0 

1700 0 

43 

1940 0 

58 

Dry weight of feces (gm per yveol ) 

215 

12 9 

12 

14 2 

23 

Water content (per cent) i 

33 2 

47 0 

43 

47 7 

44 

lMrea=c m bod) weiRlit (gm ) 

18 0 

24 0 

33 

1 38 0 

111 


•Feeding period I — Anlniils rcceiscd tlie coniplcle colons diet for fouitecn da>s 
.SI. period II— animals reccissd the colon) slut plus tssent) gm of banana (lelloss 

sKin with green tip) tlillj for fourteen Ou^s 

period III— Vnimats rccelkcd colon\ diet plus 20 gm of bnnina (jellow peel 
necked with brown) tUIh for fourteen d»)^ 

Fiom a consideiation of these data it appeals that bananas, either partiallj 
or full} ripe, do c\Gtt a la\ati\c eftcct This effect in lats is piobablj not due 
to the crude fibei of tlie bananas, since the 20 gm of banana pulp contained 
less emde fiboi tlian tlie equicalonc amount of basal diet foi \\lncli it was sub 
stituted Neithei docs it seem piobabic that the Mtaniin Bj or mineral content 
of the banam supplements was the factoi which piodnced nicieased laxation, 
since the basal diet was libeialh supplied with both of these essentials 

A consideiation of the ielati\c eftects of paitiall} iipe and completel} iipe 
bananas upon the la\ation ciitciia indicated tliat the laxation piinciple is piesent 
lu larger quantities in eomplctel} iipc than in paitiall} iipe bananas The differ 
GUces m chemical composition ot bananas at these two diffeiont stages of ripeness 
^re small Slightlj less staich and fice tannin, and slightlj moic sugai and 
pectin occur m the completeh iipc fiuit The small ielati\e amounts of staich 
sugai which the banana supplement iiitiodueed into the diet eliminate 
these as eansatne factois The fice lanuin content decieases and the pectin 
(Content mcieases as the banana iipcns because the tannins arc slowl} bound 
an insoluble, supposedly ineit, “yegetable taunatt,” while tlie pectins aie 
sloivl; freed from an insoluble, incit piotopcctiii Consequent!}, the presence 
^ore bound tannin and moie fiee pectin in the fulh iipe banana than in the 
P'Utnll\ fimj should be considcied in c\plaining the superior laxatnc 
Poteiic\ of the full} ripe fiuit 

Tlie accoleiated gam m bod\ weight diuiiig the second and thud periods 
IS m anomah difficult to explain, since the food eneig} intake inci eased onl} 

^ *ghth during these peiiods 

Occasional repoits^° of subiectne impiessions tliat the laxation benefits from 
'inanas deci eased aftei the first few days of exceptional success in a feyv human 
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subjects, were investigated and tested in these experiments. The laxation rates, 
water content of the feces, and daily amount defecated were averaged for tlie 
first and second half of each period and compared in Table II. 

Table II 

A Comparison Between the Besolts op the First and Second Half of Each Expeh 

MENTAL Period 



PERIOD I 
(CONTROL) 

PERIOD II 
(PARTIALLY RIPE 
BANANAS) 

PERIOD m 

(fully ripe 

BANANAS) 


FIRST , 
HALF ! 

SEC- 
OND : 
HALF : 

PER 

CENT 

CHANGE 

FIRST 

HALF 

SEC- ; 
OND ; 
HALF 

PFJi 

CENT 

CHANGE 

FIRST i 

HALF 

SEC' 

OND 

HALF 

( PEE 
CENT 
CIIAXOr 

Laxation rate (number of 
fecal units per day) 

15.3 

16.6 

+ 8 

21.4 

20.5 

-4 

26.2 

21.0 

-18 

i 

Weight of feces (mg.) 

1140.0: 

1320,ol 

+10 

1790.0 

17.00.oj 

-3 

1960.0 

1920.0 


Water content of feces (per 
cent) 

33.0 

33.4 i 

1 

+ 1 

4G.0 

48.3 

+3 

40.7 

48.7 

i I 

i 


The sulijective impression, that the ability of bananas to increase daily 
defecations decreased during the course of the experimental periods, was rot 
substantiated in these experiments on rats. In only one instance, the laxation 
rate during period III, was the performance during the second half of tlic period 
markedly decreased over that of the first half. 


CONCLUSION 

The results of this experiment indicate three facts that may bo of value m 
plannmg future clinical studies concerning the effect of bananas upon laxation. 
These are (1) that fully ripe bananas (yelloiv peels flecked with broim), arc 
more laxative than partially ripe bananas (yellmv peels vvith green tips) ; i-l 
that free pectin and bound tannin may prove to be tlie principal laxation factors 
of the banana and consequently the intake of these compounds should he c 
termined in both the control and experimental periods; and (3) 
apparently a sustained increase in laxative effect due to banana feeding lu 
rat which may also occur in human .subjects. Nevertheless, a clinical s u 3 
should be extended enough so that a relatively great preliminary 
effect upon laxation, if present, ivould not be given undue weight in the U‘ 


averages. 
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ractWkkd hay fhver the ErpECT or dosage in the 

TREATJIENT OT’ 314 OASES* 


HvroldD Dund\, JID , Louis Lim\, It D , vmi II vkuy JI uikow , JI D , 
Brookian, N Y 


OPEGiriC pollen thciapj is geneiallj accepted as the modem method of 
tieatniciit of iiaj fc^ci The pioceduic is fauh i\e]l standaidized and the 
lesiilts of tieatmeiU, as tabulated in iceent joais aic geiieialh accepted to 
indicate that Mhich miglit bo evpectcd fiom an avciagc ease icecuing a\erage 
treatment AMth anj of the Aaiious c\liaels now obtainable Piom the \aiions 
leports of lesults of specific pollen thoiapA, the piesent method of tieatment is 
likeh to jield fiom SO to So pci cent satisfacton lesults, with 5 to 10 pei cent 
of all cases uninfluenced h\ tlieiap\ 

A stud} of the hteiatiuc, howe\ei, ie\cals a \auet) of factors, which in 
fluence the icsults of such tieatment Among these factois aic mentioned (a) 
the t 3 *pe of tieatment peicimial \eisus picscasonnl, (b) dosage high oi 
loAA , (c) route of tieatment subcutaneous oi mtiacutnncous, (d) the tATie of 
pollen e\tract used A special studj has thciefoic been made of a fauly Inigc 
gioup of haj fcAei patients to detcimine the lelatuc mciits of those factois in 
the treatment 

Paekemann,^ ic\iewing the icsults of the tieatment of lagweed hay fo\er, 
concluded that laigci doses, in the main, produced bettei end lesults, that 
cxeessue dosage was the cause of failuic m a small poiccntagc of the eases, 
ond that the lesults of scAoial jeais of tieatment weie little influenced b> 
other factois, such as pollen counts, etc Cohen, Rcichci, and Bieitbait^ repoited 
^ 01 lesults 111 the tieatment of liaj fc\ci with laigc doses, but tins procedure 
lOfluiied a gieatci numhci of injections foi the season Tliey helicAcd that the 
onin cause of failuie was the iiiabilitj to pioducc a toloiance to sufficiently 
■^ige dosage of pollen c\tiact leipiucd foi piotcction against the concentration 
0 pollen m the an diuing the lagwced season Ramiiez^ concluded, on the 
"ISIS of a huge senes of cases, that good icsults depended upon the admniistia 
*011 of laigc amounts of pollen c\tiact befoic the onset of the season JIaikow 
oil Spairp emphasized the impoitancc of high Iciels of dosage Bjermann® 
Jjscd small dosage in his tieatment, but concluded tliat one of the causes of 
me A;as inadequate dosage Biown’ was \eij emphatic m maintaining that 
*6 results of tieatment of seasonal haj fc\ei aic diiectb propoitional to the 
“5*2e of the maximum dose obtained befoie the onset of the season He used a top 
60,000 to 100,000 Noon pollen units (Ice of a 6 per cent to 10 per cent 

Department of Jredicino Di\l<«lon of Applied Immunologj Beth Cl Hospital 
riccelved for publication Julj 12 1938 
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pollen extract). Similarly, Waldbott,® and Waldbott and Asclier® fmmd that a 
maximnm amount of relief was obtained with maximum doses, usually of aliout 
15,000 Noon units. On the other hand, Clarke'’ obtained optimal results ivifh a 
low top dosage (800 Cooke units or 0.015 mg. of total nitrogen) with no rag- 
weed injections during the season. The general consensus of opinion .seems to 
be that the perennial method of treatment gives about 10 per cent better results 
than the preseasonal method, with only an occasional dissenting opinion.” 

In this study, a review of a large group of hay fever eases, involving five 
years of treatment, has been made. The factors involved in this studj^ vere 
chosen mainly for their influence on results of treatment and eonsi.stccl of tk 
route of injection, the method of treatment (presea.sonal and perennial), and the 
various top dose levels. 

Table I 

Composite Chart 


1933 to 1937 Inclusive 




NUMBER 

PER CENT 

PER CENT 

PER CENT 



OF 

PERFECT 

GOOD 

roOR 



CASES 

T.ESUUrS 

BESVmS 

results 

AhL CASES 1 

314 

.5.2 

78.9 


Method of treatment j 

Preseasonal 

239 

'■MM 



i 

Perennial 

75 


IjHQI 


Type of extract 

Defatted ragweed 

108 

■3.7 

78.7 

i7.e 


Uliole ragweed 

206 1 

5.8 1 

79.2 

BB 

Top dose for season 

0.01 mg. iSf per c.c. 

35 

0 

C2.9 i 

37.1 


0.05 mg. N per c.c. 

105 

2.9 

76.1 i 

21./ 
n ^ 

1 

0.1 mg. N per c.c. 

313 

3.5 

86.8 1 

v.i 

<* 


Over 0.1 mg. N per c.c. 

61 

14.8 

78.6 

o.v 

Method of injection 

Intracutaneous 

210 

5.9 


34.3 


Subcutaneous 

104 

3.8 


39.2 

Sex 

Males 

1S6 

1 3.2 

82.9 

33.9 


Females 

128 

1 7.8 

73.4 

18.S 

Degree of skin sensi-; 

Class A 

5 

i 0 

80.0 

20.fi 

tiveness ! 

Class B 

104 

' 1.9 

SO.S 

l/J 

! 

Class C 

203 

6.8 

78.1 


The patients received daily syinptom cards, upon which they recorded the 

degree of hay fever sjunptoms for each day of the season. Tliese were chceKC 


each week upon their appearance at tlie clinic, and corrected whenever ncecs 
sary. All patients were tested by the intraeutaneons method and classified ae- 
cording to Vander Yeer.*^ Each patient was tested and retested at the beginning 
of tlio treatment, and when necessary, further testing was done to deternune 
the degree of sensitiveness. Two types of extracts were employed : the 
ragweed extract, made according to the method of Coca, and a whole 
extract similarly made, except that it was not defatted. Injections were 
weekly, and an attempt was made to reach the top dose for each class h.i 
on.set of the season. This was impossible in many cases lieeaiisc of a late s < ^ 
and irregularity of attendance. However, this study includes all ca-ses 
liad sufficient treatment for the inirpose of tabnlation. Arbitrarily the? 

•Described by Vander Veer, Cooke, and Spain in the Am. J. It. Sc. ITI: 103. 3?-o 






























nuNni rT al KvcnTro n\\ rnrei! 


585 


been ilmdcd into foui gtoups The fust gioiip inclndod those eases that failed 
to leccne doses highei than 0 01 ing of total iiitiogon,* tlie second gioiip re 
cened the top dose of 0 05, the thud gioup leccned the top dose of 0 1, and the 
fointh gioup included all cases that cscccded the top dose of 0 1 

The common dcnoniinatois in this gioup of patients iveie (1) thet neie 
all ragMccd Ini feici eases, both clinicall) and on skin tests, (2) thej ucio all 
tieitcd Mith lagnced pollen extinct cithci defatted oi iiondelattcd 

The xniiablo fnclois that ■weic consideicd «eic ns follows (1) sex, (2) 
method of tieatment (piesensonni oi peicimial), (3) dosage, (4) hpc of pollen 
oxtiact used, (1) loute of ticatment (subcntancous ot intiaeutaneoiis) and (6) 
clcgioe of seiisitncness of patient as loxcalcd In intiaentnneous testing 

m sonas vnd convi ^Ts 

It mil he noted that the icsnllb obtained loi all easts appioximate the ic 
polls of most ohseneis, i e , about 84 pet cent ot satisfactois icsults It appeals 
tint skin seiisitncness, sex, t,\pe of cxtiaet, and louto ol ailministiation do not 
seem to iiiiluenco losults Iloueiei, impoitant and significant diffeicnccs do 
ippcai as logauls dosage and method of tieatmciit (piescasonil oi peioiinial) 
Heio it mil he noted that as the top dose is moi eased, tlit iKictntiige ot pool le 
salts IS niaikedh deeieasod, so that the gioup leccnmg the top dose of 01 oi 
®oie ha\o a much lowoi pcicciitage ot pool icsults than the gencial aiciage foi 
the jeat, 01 the composite axciago foi the fnc \cais The cases leccnmg 
Pwcmnal ttcatmont appioximatod the lesnlts obtained in tlio Ingli dose gioup 
It must be lemembcied, honeici, that the pcicnmal cases iicie m the mam in the 
kigh dose gioup It is oui opinion, thercfoie, that the appaiont supeiioiits 
of the peteiiniall} tieatod o\oi the picscasonalh ticnted eases is pnmaiilj one 
of high dosage 

This studj suppoits the genoiallj held Mew that hettei lesults ate duo to 
high dosage in the treatment of lagwccd ha> fesci Fiom oui findings, one can 
hardlj explain the excellent lesnlts oceasionalh lepoited bx otheis \sith low 
dosage theiapj Ceitainlx , the icpoitcd faihiics in ticatment mth the peiennml 
method aio easilj nndcislood when associated with what bceins to us to be ex 
heineh low dosige foi this txjic of tieatmcut It woutd seem that the peieninal 
method of tieatmcnt is the method of choice in those patients who can tolciate 
Iwge doses at long intcixals Unfortnnateh , hoxxexti, this method is not ap 
PlKililc to those indiMdmls who, in the course of ticatment, dextlop an m 
lolerance to pollen extiact We haxc thought it wise to omit fiom consideiation 
ui this paper the lesults of a detailed mi ostigation of the causes of f.iiliue in 
Mir small gioup of nnsatisfactorv lesnlts, including such factois as socondaii 
setisitn oness to toads and inhalants, secondaij paianasal sinus infections, pooily 
fmied constitutional leactions, and othci causes geneialh noted in such lepoits 

COXCLDSIOnS 

I Itesults of specific theiapj in late has feici heai a definite lelationship 
the dosage of extiact adminislcied In this studi doses of lagwccd extiact of 
I^}_2^0'ei Melded bettci lesiilfs than the eorapositc aieiage foi the whole gioup 

refpr In referring- to ilossge of pollen extract it will Se understood that the figures 

to mlmsTiros ot total nitrogen 



586 


THE JOURNAL OE LABORATOKY AND CLINICAL MEDICINE 


2. An important factor in the apparent superiority of perennial over tlie 
preseasonal method of treatment is the high dosage employed in this form of 
treatment. Low dosage in the perennial form of treatment yields unsatisfac- 
tory results. 

3. All other factors considered, namely, t;\’pe of extract, se.x of patient, de- 
gree of sensitiveness, and the route of injection, are shomi to have no appreeiaWc 
effect upon therapeutic results in hay fever. 
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THE EFFECTS OF TOBACCO SMOKING ON HEALTfF 


A Study of 2031 Medical Records 


James J. Short, M.D., F.A.C.P., Harry J. eJoHxsoN, M.D., F.A.C.P., 
Harold A. Ley, Jr., A.B., New York, N. Y. 


D ebates and eonta-ovei’sics regarding the alleged harm to the human sy-slcai 
from the use of toliaceo still eoiitinue. The literature on the .subject, e-iien 
sivc and often conflicting, %'ai'ies in type from statistical studies on rowF ' S 
sueh as recently reported by Pearl,’ to single experiments on indivi na ^ 
Prejudice and emotion have so often entered into the problem that the qn® 
presents many complexities to the investigator who earnestly desires un >!>- ^ 
information on the relationship of tobacco consumption to the public hca '• 
discussion of this subject, together with a review of the literature and a In > 
raphy. has recently been published by' Thicnes and associates." 


•■From Examination*: l>y the Ivife Extension Examiners, Xen' lorJc. 

Received for DubUcation, July 12, 1938. 
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In an attempt to leain iiliat, if aiij, sjmptoms ate produced in coinpara- 
tivelj healtlij amluilatorj indnidiials In the use of tobacco, an unseleeted group 
of msmance policj lioldcis ueic ashed to fill out a quostionnaiie at the time of 
their peiiodie health examination The questionnane uas designed to elicit 
their practices Mitli lefeicnce to the use of tobacco, but contained no reference 
to phjsical signs or symptoms This lattei infoimation iias obtained inde 
pendcntl} fiom the phjsical examination and medical histoij ivhich xieie 
iccorded scpaiatelj Thus, bj sep.iiating the time and method of obtaining the 
Ino hinds of infoimation, it uas hoped to aioid suggestion and bias 

Of 2,031 easts studied, 1,202, oi 63 7 pei cent, Jialnliialh used tobacco, 496, 
or 24 4 pel cent, iiere nonuscis, 104, oi 5 1 pei cent, used it onlj occasionally, 
and 139, oi 6 8 pei cent, iieic fmmei useis who had discontinued the practice * 
No sex diffcientiation uas made in this stiidi Cliait 1 slioiis the tiend in 
amount consumed In habitual iiseis, though it must be admitted that the figures 
arc oiilj appioximate IVeiglits \icie eomiuited so that equivalent amounts 
might bo included, legaidless of method of use, vvhethei thiongh the smohing 
of eigaicttes, eig.iis, oi pipes It will he noted tliat theio was a tendenej for 
niereasod consumption foi each five vcai peiiod of use up to thirtv jeais, when a 
shnip decline was noted 

distribution of habitual smohcis, accoiding to diiiation of use, was ns 
follow s 


\ESr'5 

NOMDJP 

TEr CENT 

1 4 

118 

01 

5 0 

ir 

14 9 

10 14 

24 i 

ISS 

1519 

247 

191 

20 24 

m 

14 8 

25 20 

121 

94 

80 84 

87 

C7 

35 30 

40 

31 

40 44 

33 

2C 

45 49 

12 

09 

50 54 

7 

05 


Subjective sjmptoms and phxsical signs of smohers and noiismohers aie 
listed 111 Table I Svmptoms lelatmg to the lespiratoij, ciieulatoij, gastio 
intestinal, and neivous sv stems aie dcfiiutclv incieasod among smohers These 
nieieases lange fiom 50 pei cent foi iialpitalion of the heart to 300 pci cent for 
cough The inci eased tendenc} to dvspiiea on exeition noted bj the smoheis 
gives point to the taboo on tobacco bj inanj athletic directors, especially bj the 
trainers of pugilists 

The relationship of tobacco smoking to gastiic distiu bailees, especially to 
'irpcraciditj , is a fieqiiont clinical observation Toi this leason sufferers from 
gustric 01 duodenal uleeis aie usually induced to refrain fiom tobacco In this 
“lieaitbiiin” was increased bj 100 pci cent, and otlier digestive sjmip 
terns fiom 62 to 112 per cent 

Tliat the two gioiips listed in Table I weie fairly compaiable is indicated 
nj the average ages, which were neailj identical There was no significant 
'ntiation between the two groups in weight, pulse rate, or blood pressure 
^remo ,., appealed to be diminished in the smoking group The writers^ have 

*TljJs does not represent the average practice of the population at large 
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Chart 1. — Average amounts of tobacco consumed for each flve-year period of use 
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Chart 2. — Reasons given for discontinuing the use of tobacco. 
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Palpitation 
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D}spnea on exertion 

24 

48 

148 

11 5 

+140 

Gastrointestinal s\stcm 






"Heartburn” 

3 

0<. 

15 

1 2 

+100 

Excessive gas 

p*» i 

12 7 

2(< 

20 U 

+ (2 

Miscellaneous 

•'S 

7T 

211 

IG 3 

+112 

Nenous system 






"Nervousness” 

19 

*’8 

Si) 

( ” 

+ 76 

Findings 





Tremors i 


11 5 

120 

100 

13 

Premature heart beats i 

o 

04 i 

S , 

0 (> 

+ 50 

^}stohc heart murmur® 

41 

<5 « 

1 ( 

105 

+ 27 

Aierage age 

( 

8 


’ - 1 

+ 1 

Average weight 

lu”? 

354 0 

+ 02 

Average pul«o 

78 5 

78 ” 

03 

Average blood pressure 

121/76 

121/7S 

0/+3 


noted, ho^^e'\cl, that tlieic is a tendency foi tiomois to l)c incicasocl if habitual 
users aie too long dcj)ii\cd of tolneco, also that blood ]>icssuigs tend to ^aij 
considcrablj during the actual piocoss of sinoKing 

Reasons gi\cn foi tlic disoontimiancc of tol>acco b^ 139 induidiials aic 
giaphed m Chait 2 Se^cnt^ eight, oi 56 poi cent in this group ga\e up 
smoking foi reasons of health 


COMMI NT 

The complaints iccoidcd aic of especial significance because theA ucrc 
eiitiieb spontaneous, Ml ittcn b\ the e\aniince on a liiston foim and not elicited 
In questioning It should ho einphasi/cd that both gioiips mcic tieated c\acth 
uhke and the findings thcicfoic cannot be biased We behc\c that tlio findings 
III this studj indicate a ticnd lU accoidaiice Mith the lecent lepoit of Pcail 
ulio found moitality maikedlA incieiscd among hoa^'^ smoKcis It is hoped 
tint fuither studies Mill doiiionstiate moic dofinitch the inannei in winch toliacco 
^\eits its influence and the chief hazaids attached to its usage 
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A DIRECT COMPARISON OP THE REACTIONS OP THE HUMAN 
SYSTEAI TO TOBACCO SMOKE AND ADRENALIN' 


James J. Si^okt, M.D., P.A.C.P., and Harky J. Johnson, SLD., P.A.O.P., 

New York, N. Y. 


F ollowing the ol:)servations that the smoking of cigarettes produced a 
lowering of peripheral skin temperatni’es^'® and elevation of blood sugar,' 
it was considered of interest to make a direct comparison of the effects of 
adrenalin injection with those of tobacco smoking. Our procedure is Iiere de- 
scribed. 

PROCEDURE 

Pive normal habitual smokers in the postabsorptive state, after preliniinarj’ 
control observations, were studied for sldn and oral temperature, blood pressure, 
and pulse rate changes, and for blood sugar and cholesterol fluctuations for one 
and one-half hours while cigarettes were being smoked. The skin temperature 
observations -were made on a continuously recording apparatus by means of a 
thermocouple attached to the dorsum of the terminal phalanx of the finger. The 
blood pressures and pulse rates were taken at five-minute intervals; the oral tem- 
peratures and blood specimens for cholesterol and sugar at fifteen-minute in- 
tervals. 

One week later the same subjects were treated in exactly the same v-ay 
except that, instead of the smoking of cigarettes, 1 e.c. of 1 :1000 adrenalin solu- 
tion was injected subcutaneously, following the control observations. Because 
of the rather large volume of individual observations and the tendency for Mde 
fluctuations to occur, the results have been compiled as composite rather than 
as individual curves. 

A comparison of the findings is expressed graphically in Charts 1-5- 


FINDINGS 


Chart 1 shows a remarkable parallelism in the pulse rates during tobacco 
smoking and after the injection of adrenalin solution. There was a decKC 
increase w'hich reached a peak at the end of about one-half hour and gradua . 
diminished thereafter. The blood pressures generally showed a similar pnia 
ism, but %vith striking fluctuations Avhich were not altogether ironed out men 
in the composites. The most striking part of the blood pressure study ’ 
lowering of the diastolic pressure after adrenalin,^ an effect which would leu , 
be expected on theoretical gi-ounds, since adrenalin produces a peripheral in-O 
constriction. A compensatory mechanism probably accounts for this 
The diastolic pressure after cigarette smoking remained more constant at a > 
the normal average values. 

•From the Research Department of the Life Extension Institute, New York. 
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5. Composite total Wood cholestcrs after smoking and after adrenalin injection. 

Confirming- the observations of Haggard and Greenberg, = blood sugar valiia^ 
were seen to increase at fifteen-niinnte intervals from normal to an average upi«‘ 
value of Ip mg. dui-ing the seventy-five minutes of smoldng. Tiie J-esuifs after 
adrenalin injeetion were similar but more pronounced. The composite curves of 
tiie shin temperatures during the two experiments were decidedly similar. 
During the smoldng period the temperatures dropped from 84.6^ F. to 3 lo^ 
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point of 77 4° P Aftei adieiulm, the tcmpei<Ttiiios dimmished fiom 85 3° P 
to a loK point of 75 2° P Aftei a pciiod of about one and one ipiaitei lioins, tlie 
temperatiues duimg both cxpcnmcnfs showed an ahiupt inciease to S7 4° P 
and 89° r , rcspeetu elj 

Total blood eliolostei ols weie also studied in these e\pei imeiits It was 
noted that theie was a slight feudcnci to an increase dm nig tobacco smohing 
and a more niaihed inciease aftei adienalin The adienalm expeiiraent, how- 
e\er, piodnccd maiKcd fliictnafions 


COMMENT 

Sollmon” states that blood piessme niaj be laised bj nicotine, eieii in the 
absence of the lasoniotoi eontci, hut not aftei the siipiai dials haie been excised 
He attributes the blood picssiue elotatioii to an ineieased output of cpinephiine 
Stewart and Rogoff icpoitcd an iiici cased oHt))ut of epniephiine aftei nicotine 
administration, followed In a waiKctl and endmmg dccicase Rogoff attiibiites 
this to a stimiihition of the adienal incdiilla thiongh the simpathctic neisous 
sjstem 

In the foiegoing expoiniienfs, we helicie that the paiallcliMti between the 
effects of iiijooted adienalin and smoKing of tobacco is most significant That 
the lesiilts were not altogethei identical was to be expetted because of the im 
possibibtj of adjusting the dose of adienalin to eoiiespond to the inclement 
added to the blood b\ nicotine sfnnulation Then too, absoiption of injected 
adrenalin is an uiipiodictablo and laiiahic factoi 


CONCLUSION 

Our obsonations confitra the new that the ehaiacteiistic effects upon pulse, 
blood piessuio, peiipheial shin fempeiatuic, and blood sugar of tobacco smolnng 
can be explained bj an lucicascd output of cpincpbiinc Tins most piobablj 
IS the result of a stimulating effect of nicotine upon the snnpathetico adrenal 
sjstem 
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HISTOLOGY OP DEMODEX POLLICULOEUM* 


Eugene Maier, Ph.D., Venice, Pla. 


I N THE course of studies endeavoring to ascertain more efficient cliemicals 
for the treatment of Dcmodex and Sareoptic infection in man and snirosls, 
we obtained histologic sections of Dcmodex folliculorum wliich we are lierc 
presenting. 

The mites exhibit a great variety of habits. Thej^ live principall.v on Haiti 
nutriment which is obtained from living plants or animals or from cleca.ving 
organic matter. The parasitic mites ai’e of great interest on account of the wide 
variety of their habitats. i\Iany like the ticks are external parasites of animals, 
feeding on the blood of their hosts; some like Sarcoptidae and Dcmodicidac, 
burrow in the skin of their hosts and cause severe itching and disease. Many 
species attack birds and feed on the scales and feathers, or even invade the hmgs, 
air sacs, and hollow bones. Of still greater importance has been the discovery 
that many blood-sucking mites may serve as intermediate hosts of various 


pathogenic organisms of man and animals. 

The Demodicoidea. — The Demodicoidea, the hair follicle mites, areahigWl 
aberrant group of mites. They are parasitic in the hair follicles of mammals. 
They are elongate, the legs reduced to mere stumps, the abdomen vermiform, and 
the moutli parts modified, minute and fitted for piercing. The siiper-famii.i 
contains Imt a single family, the Demodicidea and the one genns Demodex. The 
hair follicle mites of different animals are extremely difficult, if not impossihle, 
to differentiate as distinct species. 

Demodex folliculorum Simon is the hair follicle mite of man. It is abundant 
in some countries, but it is said to be rare in North Africa. It lies deep doiw 
in the hair follicles and the sebaceous glands. The entire life cycle is ])assed on 
the host, so that the infection gradually spreads. 

Demodex cenm Leydig, with -which we are dealing here, attacks dogs 
cosmopolitan in distribution. It causes the follicular or red mange of the o^. 
The disease is serious. D. cati ilegnin, the cat, D. hovis Stiles, cattle, D. 
Daillet. horses, and other species are formed on different mammals, m 
workers have recorded D. canis parasitizing man. It would, however, app<^‘‘' 
quite probable that species commonly occurring in our domestic animals m . 
attack man.' 

Cliaraci eristics of Demodex folliculorum. — These wormlike mites 
lengtli of about 0.3 mm. and a width of 0.045 mm. They have lanceolate 


•From the Floridii Medical Center, Venice. Fla. 
Received for publication, July 12, 1S3S. 
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Fib 1— This section shows n. vhole lesion with the I ilr s} aft n the center The most 
prominent feature Is the circular wall around the lesion consisting of a rather heavy mfll 
tration of round cells from without Tie Inir si aft in the center Is cut tangentlallj and Is 
|n tie process of nutoljsis On ton of the shaft a puasite U seen cut sagittallj and below 
♦V are two more parasites cut the same wa> In the surrounding tissue adjacent to 

trans\erse?"^ "ithln the wall of the lesion tiian\ parasit*»s are seen most of tl em being cut 



small ^ details of the parasites this section Is a ^^*5^ 

0 hn Part of Pig 1 Three parasites (a b c) are showing structural details especially 

'^'*ng c Bht pairs of stumpy legs and the capitum showing clearlj 
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or liorseslioe-shaped head, with shearhke masticatoiy appaiatus, mobile probos- 
cis, and triple-jointed maxillary antennae, an elongated cone-shaped abdomen, 
and eight triple-jointed stumpy ieet attached to the thorax The eggs me 
spindle-shaped. The larvae, Avhen emerging from the egg, liai'e the same general 
form as the fully equipped mites but have only six feet 


h 





C 

Fig 3 — ^This section shons the isolation of the lesion a heatv tiall *’1, 
tissue, infiltrated denselj bj round cells Besides these pathologic changes inis * 
shons the formation of multinucleated giant cells (n, b, c) and the engulfing oi n i 
(re) probabh in its lan’al stage, le, actiie phagoci tosis 


These parasites are found in the hair follicles and sebaceous glands, Ihcir 
head toward the bottom of the sac and the caudal end toward the external 
ing. Their number may lie large in a sebaceous gland, even as many •"'s 
having been found there. They generally average from 30 to 50 The aeeompan' 
ing photomicrographs confirm this statement The larvae and eggs, often 
great numbers, lie beside the parasite The irritation of the parasite 
follicles and sebaceous glands to become dilated, and the subsequent atiopu 
the hair papillae causes falling out and pei manent loss of hair. 


SUMM VRY 

The histologic sections of Danodex foUiculoium in the epideiniis of “ 
are described, and the appearance of the parasites in situ is sliov n in the P > 
mierogi’aplis. 
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THE RELATION BETW3::EN S)CIN SENSITIVITV, LIVER FUNCTION, 
EELCOPENIC INDEX, AND TOXIC EI’PECTS FROM CINCHOFHEN*^ 
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ANTnow A RESSiV, i\r D , v\d Aurvimm S Gordon M D F A C P 
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F ollowing om ougmal oIisei\ation‘ that amidopvinic pioduccd agiamilo 
cjtosis in eeitam patients, an extensne senes'’ of patients lecening this ding 
was studied caiefullv The icpioducihilil\ of tlie agranuloc^ tosis, 11111011 i\as 
confined to 1 pei cent of the xmtienls suggested that it iias eansed bi hjpei 
sensitnity to tlic ding, but sUin sensitintj tests mth aqueous solutions gaio 
essentialh negatne icsiilts IloisfalP demoiistiated that, nhile aqueous solutions 
of formaldehj dc gaie iiegatue skin tests, a combination of blood serum inth 
foimaldeinde gaio positue icaetions This suggested an explanation foi oui 
failiue to obtain positnc skin tests nith aqueous solutions of amidop^unc 
Eamashek,* following the punciple of Hoisfall and working with patients who 
had had agianuloci tosis and in whom an ctiologie lolationsliip had been cstab 
hshed, found tliat, while aqueous solutions of amidopiimc did not gnc positiic 
shin tests 01 piodueo constitutional sjinptoms, as little as K of anudopjiinc 
mixed with blood seium and iigectcd mtiadeimalh gaic positnc leactions and 
precipitated an attaclv of the disease m ceitain cases 

3 ii new of out own expeuencep " this was regarded as conclusne eiidencc 
that the agiauuiocj tosis in these patients was due to di ug h^peisensitmt} It 
siiggG‘ited that, since tlie toxie symptoms fiom amidopjuinc weio probabli due 
to allergic phenomena, toxic symptoms fiom othei diugs might also be due to 
Damashek* did not make intiadeimal tests on a laigc mimbei of otliei 
patients and coiifiim the tests bi 01 al administiation of amidop^iino It was 
^^onsideied adiisablc, theiefoic, to make fuitliei stndi along these lines, using 
^ laigc seiics of patients and a diug whieli is moie fiequentlj- toxic than 
pM'amidon, nz, phenj Icinehoninic acid (cineliopiien), to deteimme ( 1 ) the 
edition between skiii scnsitnitv, hiei dysfunction, and the deiclopment of toxic 
s:)Taptonis, and ( 2 ) whetliei skin tests wcic of xaluo foi eliminating patients 
who are likelj to dcielop toxicifj fioin ciuchojihen The lencoponic index was 
determined in 20 cases 

M\TEKI\LS MraiXODS 

The patients weie selected wjtliout disci miination on admission to the clinic 
St-m sensitization tests and Inei function tests nere made on all patients bofoie 
'^'"di^licn nas admmisteied Gicat care was taken to eliminate e\porimental 

the Arthritis Clime of the New Xork Poljclmic Mctlical School and Hospital 
deceived for puhUcation Jal> 15 1938 
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Table I 

Relation Between Intbadermal Sensitivity, Liver Dysfbnction, and Cinciiophes 

Toxicity 


inteadermal liver 
SENSITIVITY DYS- 

DILUTIONS FUNC- 

I II III tion 


TOXIC SYMPTOMS AFTER TAKING CINCHOPHEN 
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erioi, ^^lllch is apt to oceiu in this Upc of ^^olk, and am suspicious findings 
i\eie checked Cmchoplicn gi miss tid \\as gi\on foi foui ^\eeks, pmided 
toAicih did not dc\elop 

A 5 pci cent solution of sodium einchoplien ^\^s combined ^\Ith blood 
serum ns follows 10cc,20cc and 3 0 c c quantities ot the einchoplien solu 
tion i\eic mixed ^\itli 5 0 c c of blood swum, labeled dilutions No I, II, and III, 
respcctucb, and kept in the icfngci.itoi foui da\s As a contiol, 5 0 cc of 
blood seiiim mixed uitli d 0 c c ol noimal silme also ^\as placed in the icfiigeia 
torfoui dns The injcdions eonsisled of 0 05 c c intiadciniall} onthefoiearm 
Readings ^\elc taken in thiit\ minutes because the icactions icachcd a maximum 
In this time OnI\ those leaeting 2+ oi moio uith am of the dilutions, or 1+ 
Mith 'll! dilutions, ueie (onsideicd posilnc An occasional patient nho ga\c 
a positnc leaction nitli the contiol seium uas not included in the positne gioup 
The aroiubin S, hippuiic acid and bilnubin cxeiction tests Mcie used to 
deteiininc luei function siiuc wc shoued tint lh(\ \\crc the most iclnble in 
clnonic aithiitis A positnc icsult nith one oi moic ol these tests \as considered 
cMdencc of Inoi d^sfunctlon 

The technique and mtoipiel€iliou of the leiicoiicnic index nere dcsciibed 
In Vauglnn'’ The moan fasting wliitc blood cell (mini nas determined One 
tablet (gi Miss) of ciiicliophen uas ciusbod and gnen mth i small amount of 
Matei to pioniole lapid absoiption Blood counts ncic taken after fifteen 
thiih, foit\ fi\c, sixt', and nincU minutes and again after tuentj four hours 
The follonnig &\mptoms wcic consideicd eMdcncc of cinchophon intoxica 
tion mticaria, scaihtinifoim rasli, angioncuiotic edema nausea and Aomitmg, 
Jaundice, distention with alidointnal pain, and loss of appetite, nci\ousness asso 
dated with depression, hematuria, and dniihca 

Analysis of 50 Cases — Of the 50 patients studied, 30 (60 pci cent) de 
'eloped signs of toxicit\ attributed to cmchoplicn Twent\ three (77 per cent) 
of this gioup ga^c positne skin reactions to cincliophen 

TwenU nine (58 per cent) of the entiic group ga’ve ])ositi\e skin reactions, 
and 23 of these (79 per cent) dc\ eloped toxic s\ mptoms Se\cn (33 per cent) of 
the 21 patients with negalne skin tests de\ eloped toxic symptoms 

In 6 patients, all with positne skin tests the skin test dose alone produced 
toMc SMnptoms Pne of them also de\cloped toxic sMiiptoms after oial ad 

aimistration 

delation Betuccii Livo Funetton, Shin Tests, and CinchopJien Toxicity 
bi'ei function tests were made on all 50 jratients before einchoplien was ad 
omiistered Pifteeii (71 pei cent) of those with negative skin reactions had 
normal Iner function tests while 73 pei cent of patients with positne skin tests 
bid luei disfunction Sixtj seven pei cent of the patients who developed 
toxieitj showed evidence of livei dvsf unction as compaicd witli onlv 35 per cent 
of those who did not develop toxic sv mptoms Of the 30 who developed toxicity, 
per cent gave both positive skin and hvei function tests, while 50 per cent 
•^f the 20 who did not develop toxicitv gave both negative skin and livei function 
tests The relationships confirm the opinion of previous investigators that liver 
^■^uiage maj predispose to toxicitv from einchoplien 
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Lcucopeilic Index. — Yaughan® reported that, in certain patients with food 
allergj', there was a drop in the total leucocyte count alter tile ingestion of food 
to which they were sensitive. The leucopenic index, which has been used as a 
test for sensitivity* to different agents, was done on 20 patients who had previ- 
ously shown toxic sjTnptoms after taking cinchophen, and 9 (45 per cent) of 
them were positive. The leucopenic index, therefore, did not compare faTorah\v 
with the skin test, which gave positive reactions in 11 per cent of the patients 
who developed toxicity. 

DISCUSSIOX 


One hesitates to propose a diagnostic procedure based on skin tests alone 
because they are prone to considex-able error. Tests were repeated on the first 
25 patients to determine the reproducibility of the tests and similar results were 
obtained in 21 (84 per cent). Frequent reelieelcing of other patients also gave 
similar results. However, the j-esults with each dilution were not always con- 
stant. Tire intensity of the skin reactions was not proportional to the amount 
of drug injected. In some instances tlie reaction from dilution No. I, containing 
the least amount of cinchophen, was more intense than those from dilutions M 
II and III. In other instances, the reactions varied according to the concentra- 
tion of einchophen-serum mixture. These findings suggest that the results can 
he used qualitatively but not quantitatively, and tliat the expex’imental error can 
be minimized by using ditferent amounts of test substance and by reehecking 
doubtful results. 

There did not appear to he any relationship between the intensity of tuc 
skin reactions, the interval before toxicity developed, and tlie severity of t is 
toxic symptoms. 

COXCLUiSIOXS 


1. Seventy-nine per cent of the patients who showed positive intraderina 
tests with the cinchopheu-serum mixture developed toxic symptoms after 
cinchophen was administered by mouth, while only 33 per cent of the patien 
giving negative tests developed toxic symptoms. 


2. Seventy-one per cent of the patients with negative skin reachous 


had 


normal liver function tests, while 73 per cent of those witli positive skin tests ha 
liver dysfunction. 

3. Liver dysfunction was present before treatment in 67 per cent of ^ 

who developed toxic sjTnptoms after taking cinchophen by mouth, as compav 
with 35 per cent in those who did not develop toxic sjnniitoms. . 

4. The leucopenic index did not prove to be as valuable as the intradeim 
tests for determining the likelihood of patients developing toxicity 
cinchophen. 

5. The results of this work suggest that intradermal tests with 
mixtures may be of value in detei’mining drug toxicity and should receive tur 
study. 
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Diiector of the Cilco nianj ' iliuWe suggestions Jn reference to 

the methods used in t iisotl fn this study n is furnished nithout 

durge by the Cilca C (he courtesy of Dr Divoc 

The authois also ulsh to txpies'? their thinks to Mr (fcorgp II Lhapnnn for his 
laiuible suggestions during the piepni itlon of this pipei md to Miss ‘s'lnta Tctl v-.bo per 
formed the technic il studies 


COJIl’AKlbON OF 3NTKADERMAL TObTb \Yl'ni AUGLUTIKABIIjITY 
AND CEIITAIK IN VITRO TESTS OP STRERTOCOCCI, STAPHYLO 
COCCI, JIIGROCOCCUS CATARRH AIRS AND CODON BACIDLI 
ISODA'inn FROM PERSONS SI SI’BCTl.D OP HAVING 
CHRONIC INTIR TION- 


GLOKGtll ClUrMAN AND CoNBAD BcRLNS J1 D N’ENN Yoniv, N Y 


INTRADERJIAL tests liate been used wideK not < 
o£ "focal lufectioii’’ batteiia but also m the se 


oiiK toi the difteieiitiation 
selection of baeteiia fot the 
prepatatioii of autogenous saceiucs Ihe Iiteiatme is too \ ohiiiiiiioiis to be 
iciieiied heie The following iiapcis, ho\\c\cx, hate a special bearing on the 
subject 

reiiibeig^ piesciitcd an e\eelleiit tiitiquo of the limitation of skin tests 
111 allergj 

Steiiibeig and AViltsie" obtained leactioiis nith B call to\ic hitiate in all 
CO iioiiinl childioii and all 40 noiiiial adults These lesults aie siiiiilai to those 
obtniiecl b\ noikcis in othei allergens Pot example, Gioii and Heiiiian^ 
obtained 55 5 pel cent positue lesults nith common allergens iii a gioup of 
IbO normal iiiduidnals 

Iiiconcliisne lesnlts hate been icpoitcd also in peisons nitU diffeient 
(kseases Steinbeig and YViltsit" toniid that the skiu leactioii to B coh s\as 
not related to the pieseiite of infection Poui of 11 patients ivitli pjelitis did 
"of iMct to B coh toxic filtuite, and 5 of 11 did not leaot to B coh laceme 
be\ concluded that "uiidei the conditions of these expeiiments the skin 
^enetion for the deteiininatioii of the piesence of colon bacillus infection is of 
""eeitam \aUie ” Solis CoIieiP concluded that “Tlieie probabh is no lela 
fionslnp betneen li\ pel sensitn eiiess in tlic host to the exogenous and en 
nogeiioiis toMiis of a gnen oigaiiisin and the patliogenicitj of such organism 
'0" that host ” Ills eonclnsioii tint nitiaeutaiieous tests are nmehable for 
ykctii ig bacteua foi saccines seems to haie been sliaied bs most recent 

Clinical Ref-eaich Laboratory 
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writers on tiie subject, altliongli manj^ o£ them, like Moore," aamitted tlie 
fallaej’- of the tests but concluded that they are “a very importaut factor as 
an aid to diagnosis of allergic diseases.” 

Sluch of the published data is difSenlt to interpret because of errors in 
baeteriologic diagnosis or the use of indefinite bacteriologic names. For 
example, one writer stated that 105 of his 133 strains of hemolytic streptococci 
were isolated from the gastrointestinal tract. It is more likely that many o5 
these cultures ivere hemolytic enterococci, ndiieh are mostly nonpathogenic 
and possess properties distinct from other hemolytic streptococci. Other 
workers refer to any intestinal streptococcus as Strcpiococcxis fecdis or to 
small, hemolytic surface colonies as hemolytic streptococci. Manj' of the latter 
may he alpha hemolytic or alpha prime streptococci, or ma}' not even he .strepto- 
cocci. 


Manj^ of the published reports concerned work which was inadecpiately coiv 
trolled. One writer reported using an average of only 3.6 tests per patient and 
2,9 tests per control case, 

Finallj’’, the difference between tbe proportion of positive reactions in 
tients and in the controls does not shoiv a marked contrast. In comparing pa- 
tients with irritable colon with normal individuals, Mateer and Baltz® obtained 
diameters of 4.4 and 3.0 cm., respectively, with 3. coli comimms; 4.5 andli 
cm. with B. coli communior; 2.7 and 1.0 cm. with nonhemolytic streptococci; 
and 2.4 and 1.0 cm. with Staphylococcus aureus. The tests yvith B. coli communis 
were positive in 95 and 65 per cent, with B. coli communior in 96 and 69 per 
cent, with nonhemolytic streptococci in 62 and 21 per cent, and with SiapWO' 
coccus aureus in 49 and 50 per cent of patients and controls, respectiveiy 
Mateer and co-workers® obtained similar results. 


Short, Dienes, and Baner'*’ maintained that variations in the skin reacfioas 
may be explained bj^ differing irritability of the patients’ skins, natural tosicij 
of the bacterial species, or piossibly by a sensitization to certain bacterial gioups- 

Mateer and Baltz® claimed that the reaction decreased after innnnnizatioa 
with the specifie vaccine. However, their report indicates that the average rs 
actions to B. coli were reduced only from 4.7 to 3.1 cm. in 12 patients innm™^'^ 
with B. coli. Steinberg and Wiltsie- found an average area of 9.7 by 6.a 
before, and 3.9 by 2.3 cm. after immunization with B. coli. 

Sinee certain in vitro tests have been shown to give results parallel 
certain patliogenic properties of tlie cultures,'’'^'' it was thought that 
vitro tests might be useful in comparing tbe results of intraclernial 
Agglutination tests were used for comparison also. A series of 30o f?™ 
cultures was tested. 

For tbe intra dermal tests tbe bacteria were suspended in 1-0 
phenol in normal saline to make concentrations of 1 billion per 
0.05 c.c. was injected intradennally on the forearm. The results were 
tbe following day. 

The technicpie of the agglutination tests is described elsewhere. ^ 

Pigment, hemolysis, and coagnlase tests® were used as in vitio 
staphylococci; resistance to the bactericidal action of fresh, diluted, ce 
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natcd guinea pig blood^^ ^^as used foi stieptococei, the clectioplioietic 
migration ^eloelt)^” was used ioi the colon group, and tlie ti^\stal violet 
agar reactiou^Mvas used foi M cafa}th(ilts 

Table I 


Eelmion BnwEES iMnABcrji^t Tests, ACGLUTiNxBiLi'n A^D In Viiro Tests of proBAULE 
PATIIOGEMCITY of CUITITES ISOI \TED FFOM PlRSONS StSrtCTFD OF 
Haying Ciiromc Inffctiov 


OFOAMSM 

CUITLPES GIMNCt lOS 

ituf isTf \pn M\r 

TESTS 

(1 ITU FS CUING NFO 
\TI\F IVTPAIirrMVI 
‘ Tf STS 

lEP CENT 
\GI EEMENT 
BCTWLEN 
SKIN TESTS 

1 AND IN 
MTPO TESTS 

PEf CENT 
AGPErMEST 

1 BCTWFES 
SKIN TESTS 
AND \CGLt 
TIN ABILITY 

NUW 

BFr 

TFSTFB 

IS MTPO 
POST 
TIVT 

: YGGIU 
mABIC 

NOW 

BEP 

TESTFP 

IN iiTroj 
1 SEG j 
; \TUE 1 

INAQ 
i GLU 
TIN ABLE 

J? Cf}h 

in 

n 


31 

10 

1 10 

1 40 

50 

A aerogenes 

9 

5 


2 

0 i 

1 3 

; 15 

30 

Paracoli i 

4 

0 


4 

4 ! 


GO 

25 

Enterococci 

A 



39 


3« 


91 

Strep , gamnn 

'' 

! 

■■ 

34 

IJ 

34 

70 

S8 

Strep , alpha 

11 : 

j 

I 

105 

a!s 

i»5 

54 

57 

Strep ^ beta 

4 : 

1 ! 

0 ! 

3 

0 

z 

57 

2S 

It cdtanhahs 

1 




> 

5 

8^ 

100 

Siaph olhus 

7 

4 


57 

50 

41 

S4 

09 

Staph aureus 

S : 

8 


15 

11 

31 

87 ! 

70 


The results of the compaiatue tests are listed m Table I There was agree- 
ment betweeu iiitiadGiinal and iiv Mtio tests in 83 per cent of ilf cat(i)rhaUs 
cultures, 8i to 87 pci cent of staphjlocotti, and in 70 per cent of gamma tjpe 
streptococci Other gioups showed agi cement in less than 57 per cent of the 
tests 

There was agicemeiit between inti.ideimal tests and aggluliuabiUtj lu 91 
per eeuf of enterococci, 88 pei cent of gamma tYpe sticptoeocei 100 per cent of 
Uicioeocciis catanhahs^ and 69 to 70 per cent ot staphj lococci Other gioups 
showed agreement m less than 57 per cent of tests 

CONCI/USIONS 

Intradennal tests of baetciia isolated from patients suspected of liaiing 
eiironic infection were compaied with (1) agglutination reactions of the strains 
using the serum of the peison from whom the cultures were obtained and (2) 
la litre tests wliieh had been shown pjCYiously to base been parallel with 
<Jertam pathogenic properties of the cultures 

The lutiadermal tests showed agreement with either agglutinabilit> oi 
iJie HI titro tests in moie than 70 per cent of Miaococcits catatihalis, staphylo 
COCCI, gamma tjTie sticptoeocei, and enterococci 

There was less than 57 per cent agreement with eithei test m alpha and 
beta type streptococci, B coh, Aaohaefer aciogencs, and paracoli 
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PEELIMINARY REPORT ON THE USE OF SULFANILAMIDE* 


E. F. Traut, M.D., AND C. E. Logan, M.D., Chicago, III. 


A fter making rather tentative use of sulfanilamide in a few cases of acu e 
k infections, and after noting its often spectacular effect, we studied the uic 
more intensively, in order to determine, if possible, the mechanism by iviiei 
acts, and the extent of its clinical possibilities. _ , , 

This paper concerns the way sulfanilamide produces its therapeutic e 


and the results of its use in a variety of acute and chronic infections. 


A drag 


may assist a patient in his battle against invading bacteria: (1) by ^‘”1 . ° 
the patient ’s tissues an unsuitable culture medium, bacteriostasis ; (2) by d o 


the bacteria, a bactericidal or bacteriolytic effect; (3) by increasing 


the miffber 


, 

of leucocytes, and hence presumably the number of phagocytes; I*; 
creasing the effectiveness of the existing phagocytes, enabling them to oi ^ 
and inactivate or kill a larger number of bacteria by increasing the opsQR’” 
the patient’s serum; (5) by inactivating tlie toxin produced by tbe bacteiia,^^^ 
antitoxic effect; (6) by making the tissues of the patient less sensitiio 
susceptible to injury by toxin; (7) by causing the organism to assume 
mnilent forms, dissociation. 


"From the John HcCormick Institute for Infectious Diseases, Chicag'o. 
Received for publication, July 23, 193S. 



TRVUTIOGl^ PRnnriNuii RrroRT on use or suLr\ML\MiDF 005 

111 this papei v,e lepoit obsci\afions bcaiing clefiiutol} on the fiist, thud, 
fourth, fifth, and sc\enf]i possdnhiios The studies ^^clc made simultaneously 
oil each patient bcfoie, dining, and aftei treatment uith piontyhn (p ammo 
phenjlsulfonamidc) and uith “Piontosil (di&oduim 4 sulfaiiudopheny 1 2 azo 7 
acehl ammo 1 h>dio\Miaplith ilene 3, 6 disulfouatc) 2 5 pei cent solution” 
These substances ueie fuinishcd bt the Depaitinent of ^lodieal Reseaitli ot the 
Wiiithrop Chemical Co In om uoik the tlniical eJTcct uas thecKed as tai as 
possible baetenologicalh 

Phagocytosis — Sulfanilamide induced n high dcgieo of phagocytosis in e\ 
peiimciital hemohtic stieptoeoccic peiitomtw m mice aeeoidmg to Long and 
Bliss ' 

TumiieliiT's method" of mcasming phatroes tosis and titiating opsonins uas 
used m most instances Occasionalh it was ncecssan to use the oldci method 
mth the patient’s seiuiu and indiffeicnt leucocytes Tlie opsonins foi the pa 
tient’s own baeteiia weie litiatcd whoneiei tlie imadeis could be isolated In 
each instance the opsonins foi sliains of giccnnig streptococci recently isolated 
fiom the blood of a patient with acute aithiitis and ioi a T\pc I pneumococcus 
(American Type Oultmc) weie also dctcimiuod The opsonic mdc\ was 
measiued befoie, duung, and nftei treatment with piontylin oi piontosil The 
niost positive incioasc in opsonic titei, nftci the use of sulfanilamide was oh 
soned m pneumonia This incicasc of opsoiuo ability y\ns coinoidont yyith im 
proyement of the patient It may be only a natiual accompaniment of cony ales 
cfiiicc rathei than a diug effect Otherwise thcie was no suggestion that the 
duig affected phagocy tosis in patients 

icKcocyfosis — Daily leucocyte counts on patients and on three normal indi 
'idiials before, during, and aftci tieatmcut with pionfybn and piontosil shoyycd 
iio yaij-ition otlier than the usual daily fluctuation 

IuactttaUo)i of Bactotol Toxin — Eyidenee is lacking to shoyy any anti 
lo\ie tendency on the pait of sulfanilamide oi its compounds 

Inhibition of Bactened Piontjim m yitro in a dilution of 

1 100,000 maikcdh inhibited the giowtli of stioptococci B coh from a stock 
culture showed no giowth at 1 200,000, but a leeently isolated sham glow well 
cyen m an 8 pei cent solution ^Vc haac been able to giow sticptococei onh 
ui dilutions higher than 1 20,000 and eaen then the giowlh yyas yciy sparse Ac 
cordmg to lyiarshall, Dmcison, and Cutting concent) ations liotwecn 1 5 000 
'uid 1 10,000 can be maintained in the blood of those treated I^iom the maiked 
effect upon baelciial growth cneoiintcicd m our in yatio expeiiments this would 
“^eai to be one of its impoitaiit modes of action in infection 

I>>ssoctaUoti — AUoiations o£ bacteria, chemical, aiitigemc, cultmal, and 
raoiphologic, maj bo anticipated fioin a diiig that so radicaUj lessens the giOMth 
of b'leteria in Mtio These clianges in the bacteria due to giouth in an iin 
faiorablc eniiionmeiit come iiiidci the heading of dissociation Thej mai at 
Im in pact, c\phm the faioiahle effect of sulfanilamide in disensc Such dis 
sociitiou IS suggested Jij one ease in Mliich gieen streptococci i\eie isolated fiom 
llie blood of a patient Aftei two weeks of mtensne treatment with prollt^lIn 
“Otl prontosil, the blood floia had changed to indiffeicnt sfieptoeocei After one 
woio week of ticatment, eultmes of the Wood a leldod no giowth 
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Another instance of this ivas found in a pneumonia patient. A green 
streptococcus was isolated in the first culture. After three daj's of prontylin, 
an indifferent organism was obtained, simultaneously with clinical improvement. 

This report is concerned chiefly with the effect of sulfanilamide in pneu- 
monia and arthritis. Patients with undulant fever, endocarditis, pneumococcus 
meningitis, and chronic cholangeitis are also reported. 


CLINICAL COURSE OP TREATED CASE? 


Undulant Fever . — Tlie first patient treated for undulant fever was a 31-year-old malewlio 
had handled raw beef and pork for several years. For three weeks before admission to Coot 
County Hospital he had had generalized aching, chills, and fever. These symptoms persisted 
in the hospital, his fever rising to 103° every afternoon. The only significant abnormalifj' 
was an enlarged spleen. The leucocyte count varied between 7,000 and 8,000. The Widal test 
was negative, as were also the cultures of blood and urine. 

At tbe time of admission, the serum was found to agglutinate both the porcine and 
bovine types of B. melitensis through a dilution of 1:320 on the slide and above 1:1280 in 
the test tube. Semi-weekly injections of both forms of B. melitensis had brmiglit no im- 
provement after three weeks. For three more weeks the patient had only supportive tre.it- 
ment. Then ho was given sulfanilamide, 40 grains for one day, and 30 grains daily there- 
after for one week. The temperature was normal in forty-eight hours and did not rise again 
during a month of convalescence. He has had no recurrence after one year. 

The second patient was a 09-year-old white female. She had been ill for two months 
with intermittent attacks of fever, vague rlieumatic pains, and marked loss of weight and 
strength. Her liemoglobin was 50 per cent, red blood cells 2,500,000, and leucocytes 3,00!*- 
All tests for malaria and intestinal parasites were negative. Blood culture, however, was 
positive for B, melitensis, and her serum agglutinated tills organism in a dilution of 1:1“) _ 
Wbien she became comatose a few days later, she was given a blood transfusion and 30 grams 
daily of prontylin. After forty-eight hours, she liad a normal temperature and made an 
uneventful convalescence. She has remained well in the nine-month interval. 


ad- 


Berger and Schnetz'* have i-epoi'ted rceovci'y from JIalta fever following 
ministration of prontylin. 

Pneiimococdc Infections . — Nine pneumonia patients were given sintani 
mide in tlie Cook County Hospital. The mortalit.y there is liigh because the po 
tients are usually aged, alcoholic, or poorly nourished. • During this j ear 
mortality in the Cook County Hospital tvas about 50 per cent. There^ was n® 
choice of patients treated witli sulfanilamide. The patients were gw^" 
grains of sulfanilamide orally every twenty-four lionrs, and 20 c.e. of pi® 
sil soluble” intramuscularly every twelve hours. Two patients died. ® 
these, moribund on admission, lived only thirty-six hours. 

The other patient had a hacteriemia. Pneumococci in the sputum cou 
he typed by any of the available sera. He was very much improved, onlj J 
suddenly during his convalescence. He was a marked alcoholic. 
treatment the blood organisms changed from greening cocci to indifferent w j 
either under the influence of sulfanilamide or as a natural aceoropanmwn 
convalescence, _ . 

Of the 7 (70 jier cent) Avho fully recormred, 2 had a 
The opsonins as measured bj'' Tunnieliff ’s method increased sharp J ' ^ ^ 
the administration of sulfanilamide, either the result of the drug or 
natural and expected increase in antibodies during the progress of an m 
No immediate effect was seen which could be ascribed to a definite, P 
result of the drug in pneumonia. 
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A robust male of 4o joais A\n!» gi\cn 10 cc lujictiuns of i)ioutosil c\er} eight hours 
for four injectious, thirtj si\ hours after the on«et of pueumococcic meningitis The meningeal 
mflammation folloneil an acute otitis He w i** lu deep dchrium 'when first seen His ‘‘pinal 
fluid ivas turbid and contained colls and innumerable pneumococci Ho died sixty hours 
after the on«ct of his ‘^jniptoms, nithout ‘^bowing anj good or bad effect from sulfanilamide 
administration 

Aithriti ^ — Of gieat lutcicst the icaults in ailhiitis In this gioup wc 

treated onl) patients ^\hom \\c could bactciiologicalh contiol 

One patient, a noman, lias rheumatoid artliriti** Her clbons, i\rist‘*, 1 neos, and fingera 
have been swollen lud tender intermittently in long period*? for fi\c years The joint symp 
toms are wor e with occasional bouts of chills and fi.\er Repeated examinations for malaria 
and undulant fe\cr (including si in tests nith Brucellin) have ilways been negative Green 
streptococci liave been I'solatod from her blood three time*? Cultures of her colon tal en ac 
cording to our technique'* have repeatedly yielded from 50 to 98 per cent green stieptococci in 
spite of rejeated implantations and feedings of acidophilus bacilli, and of rapidly growing 
colon bacilli (“Mutaflor” Ni'^sl) Colonic lavage improved her for a long time In a flare 
up With an average temperature of 100® F and swollen knee?, adniimstrntion of 10 grains 
of sulfanilamide four times a day removed all signs of joint trouble and restored the tern 
perature to normal within thirty eix hours It aKo changed the colonic flora from almost 
a pure culture of green streptococci to apparently complete absence of streptocococci with a 
homogeneous growth of colon bacilli The sulfanil imide was continued in doses of 5 grains 
three times dailr for two wool « Following this her colon remained relatively free of strepto 
COCCI for three weeks One month after discoutiiiuiiig tho drug the streptococcus count 
had ri«ea to 00 per cent, and one week later the patient returned with an exacerbation of 
her joint disease 

Another woman of 59 years had had rheumatoid arthritis for years Like the previous 
patient, all the usual foci had been removed Green «trcptococci made up 70 to 90 per cent 
of her colomc flora at all times She had a tendency to loose stools and abdominal distress 
Vita tlie«e bowel up«ets her joint symptoms were aggravated Seven days after a course 
of 40 grams dailv of sulfanilamide the streptococci had been completely eliminated from the 
colon wall Her joints wore ■'oniewhat le «3 painful but the drug induced a diarrhea con 
trolled only by ^topping it 

A Woman of 72 years had had rheumatoid arthritis for eleven years It liad progressed to 
e point of marked disability From one of her swollen knees turbid fluid was aspirated 
containing pleomorphic greening streptococci m pure culture The culture of the blood was 
sterile She took 30 grains of sulfanilamide daily for one wcel, and then 15 grains daily 
ixteen days after starting tlie drug the culture of the 1 neo was sterile although a smear of 
•0 synovial fluid showed degenerated, poorly staining streptococcus forms The 1 nee joint 
3 remained sterile The arthritis has been very much relieved and the patient’s general 
ca th is much improved The sedimentation reading, 45 per cent in one hour at the onset of 
reatment, fell within four weeks to IS per cent She gained weight and strength No other 
fcatment was employed during the period of sulfanilamide administration 

Woman of 34 years, with active tuberculosis of the lungs and cervix, complained of 
PO'in in the joints Blood culture yielded indifferent streptococci Following three weeks of 
amhmide, the blood culture was negative and has remained so Her arthralgia and tuber 
cuiosis were unaffected 

(^^lohngetUs — A woman of 42 years had suffered a complete stenosis of her common bile 
uct during or following cholecystectomy A choledochogastric fistula developed spontaneously 
e whole upper abdomen became a ma‘>s of dense adhesions discouraging further surgery 

woman felt ill she had enough hyperbilirubinemia, watliout visible jaundice to produce 
P^ntus She complained of constant pain m the upper right abdomen and in the back 
3 sen'te of pressure increased during the day to become severe each afternoon with a chill 

fever of 102'’ F The paroxysm would be followed by profuse sweating After carefulh 
c udinjr 'searching for malaria and administering qumine up to tolerance) 

gross hepatic ab^ce'is and pyelocystitis, the attacks were explained as Charcot 
due to obstruction of the biliary passages with probably low grade infection of the 
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biliary tract, type undetermined. Cholag'ogues and duodenal drainage (Meltzer-Lvon tech- 
nique) were without effect. Competent surgeons twice found the upper abdomen a nia's ot 
dense adhesions and located a ffstul.-i between the hepatic ducts and the stomach (clioie- 
dochogastrie). The common duet could not be identified. The abdomen was closed mtlioat 
attempting the contemplated plastic surgery on the biliai'y ducts. Fever and chills contimed. 
Administration of sulfanilamide 30 gi'ains daily for three days resulted in complete di.'ap- 
pearance of all .symptoms. Her condition remained good during the medication and for f«o 
weeks after discontinuance of the drug. Recurrences were promptly checked by resumiij 
the sulfanilamide in full dosage and eliminated by continuing the drug in daily doses of 1 gm. 

Endocarditis . — Four patients with endocarditis received sulfanilamide. The course of two 
of the.^e patients was apparently unaffected by the sulfanilamide. They died of cerebr.ol emho- 
lism. Fever was eliminated from a third patient who later died of hemorrhage from a beoigi 
gastric polyp. 

The other patient was -13 years old. He had had fever for ten weeks. He was vcr\ 
anemic, had petechiae and an enlarged spleen. He also had an enlarged heart with a systolic 
murmur. Greening streptococci were isolated from the blood. He ran a septic course for 
four weeks, becoming weaker daily. He became and remained afebrile after 60 grains ot 
sulfanilamide. The drug was continued for three weeks. His blood became sterile and has 
remained so. After several weeks of observation, be left the hospital. He lias returned since 
and successfully passed through a pneumonia. He remains rvell. 

UiifavoraJile Effects. — Cyanosis attriimtable to tiie nse of sulfaniiamide 
has been observed in one instance. In this patient cessation of the drag 
“prontylin” and its substitution by oral “neoprontosil” in the same dosage re- 
sulted in freedom from tlie cyanosis. Complete blood counts, repeated at intervals 
of one to three days during the period of heaviest drug administration and tveeklj 
thereafter, have shown no changes not explained by tlie presence of infection. 
Frequent repeated urinalysis has never shovvm albumin, red blood cells, or casts 
suggesting renal irritation, nor detectable urobilinogen indicating liver injiu’s . 

Gastrointestinal irritation as manifested by nausea, burning, or diarrlica,. 
has been the most frequent and most troublesome adverse effect. 

■SUJmARY AND CONCLUSIONS 

Appreciating that too few' patients liave been observed, it is suggested that 
sulfanilamide may cure some patients of undnlant fever. 

Some patients subacutely or chronically infected by Streptococcus viddmis,^ 
witli arthritis or endocarditis, have been helped by the drug. Most interestino 
lias been its effect upon the streptococci on the colonic mucosa. 

Untoward effects have been limited to irritation of tlie gastrointestinal tnii • 

Bacteriostasis or limitation of bacterial gronffli and resultant liniitahaT 
of injurious bacterial products as toxins, seems to us to be one probable meelianisn 
of benefit by snlfanilainide in disease. 
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A STIjDV of CALCani and PlIOSPHORFiS IN CORDBROSPINAL 

FBUID* 


R I CoiiN, Pzi D , T lC\i’r w, J*ii D wn A Bminson ^11) CiiirvfiO, Irr 


litciatuic oL (.titRiospinal Ihiul (aUuitii and pliosjdioiiis lias been ic 
Aitwod b\ LcMiisoii and JCat^tnelltnlio*'* n ' The bitlii condiulcd tlint al 
though die cTkmin conftnt of tlic otiebiospnia! Hind 1ms Iieen icpoittd lo be ole 
^Med ui mLnmf;itis and some otbti diseases llu nnmbti nt instant cs of nicit iscd 
odemm was too small to lie ol diaf'nosiK si^'tnbeantt The most complete woiK on 
phosplioius has been that ot Coheir who loiiiul the jihosphouis (ontent to be 
defimteh ele\atcd in tubczculosis and menmjfococcK menni*iit]s Init not in acute 
epidoinic encephalitis Tins led Cohen to etnisidoi tint the (culuospinal fluid 
pliosphouismTi he of dia-rnostie imimitancc m diseases of the nenous s\stem On 
the whole, the lelationshijis between tlie calcium and jiliosphonis contents of the 
ccichrospinal fluid and the condition of the oontial nenous system aie fai fiom 
cieiiR defined AVc found \cn few lefoienccs to enicmm and phosphouis in 
Indioeephalus and Inain lumm Om icsultsnm\ Ik of inteiest, theicfoic since 
thej indicate inei eased calcium and phosphouis \alucs in tnboiculous and 
panilcnt meningitis, Jndioeopinlus, and hiain tumoi 


Calcium deteiminations weic made on 92 specimens ot the ccicbiospmal 
phosphouis deteiminations wcie made on 76 specimens The specimens 
of cerebrospinal fluid wcic obtained fiom hospital patients most of whom wcio 
oiilareD, at times when spinal punctmes weic ncecsson foi diagnostic oi thcia 
peutic pmposes Lumbai puiiduies weic made o\cei)t whcie otheiwise indi 
cited Calcniiu was doteimiued In the flaik and Collip modification of the 
ramei Tisdall metiiod ^ Phosphouis was dctci mined In the method of Bodan 
^7 except that in some cases 2 cc of ccichiospinal fluid weic used instead 
of 1 ce 


leal ^ Nonmd — Gioup I contains fluids whose eellnlai and othei ehem 

contents were iioimal The calcium xahies of 20 fluids of this gioiip wcie 
peT^ iiom 4 1 to 5 9 mg pci cent, with an a\eiage ^alue of 5 0 mg 

^ cent Onh 4 fluids had \alucs gieitct than 5 5 mg pei cent, and 3 had 
ues loss than 4 5 mg pei eeiit TIicsc x ilucs aic in close agieemeiit with the 
fluids gnen bi ICatzcnelleiibogcn*^ and i^feiiitt and Fiemont 
h and also foi the \ nines in epilepsy, idioci, and corehial hiith tiauma 

of Biocljcmistn NeUon Morri'! Institute for Medical Rc'^eirch the 
of the ‘I of the Cool Countj Ho-spifil an 1 the Sarah Morns Hospital foi Children 

“uei lel Rce-’e Hospital 

Tin ^ grant from the Nelson Mon Is Pun 1 

^•^i'cl foi public ition Uigust 6 1938 
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Table I 


Normal Cerebrospixal Fluids 


CASE 

DIAGNOSIS 

CELL COUNT 

CALCIUM 

MO. PER CENT 

f PHOSPHOEUS 
MG. PER CJ:,VT 

B. B. I 

; Epilepsy i 

1 1 

5,0 : 

13 

B, P. 1 

Epilepsy 

3 i 

4,5 

1.4 

J. B. 1 

j Epilepsy 

4 

4.7 


W. S. 

Epilepsy ! 

s ! 

5.3 ! 

1,3 

L. X. 

Epilepsy 

6 1 

5.1 ! 

1.0 

M. M. 

Cerebral birtli trauma 

S 1 

5.5 ! 

1.0 

D. J-t. i 

Cerebral birtb trauma 

12 i 

5.0 i 

1.3 

J. S, 

Cerebral birth trauma 

7 ! 

4.8 1 

1.3 

C. H. 

Cerebral birtli trauma 

3 

4.8 ! 


A. F. (1) 

Cerebral birth trauma 

4 

4.8 1 


A. F. (2) 

Cerebral birth trauma 


4.S 1 


N. J. 

Cerebral agene.sis i 

4 

5.1 ! 

2.2 

M. K. (1) 

Cerebral agenesis 

7 

1 4.7 


M. K. (2) ' 

Cerebral agenesis 

0 

5.7 

1,5 

a s. 

Idiocy 

4 

4.3 


D. E. 

idioev 

C 

4.1 

1.5 

il. P. 

Idiocy 


4.4 

1.2 

B. A. P. 

Idioev 


5.6 


B. B. 

Idioev 

3 

5.6 

3.5 

D. D. 

Idiocy 


5.9 

1.1 


Table n 


TOBERCULOUS IIENIXOITIS 


CASE 

APPEARANCE OF fluid 

CELL COUNT 

CALCIUM 

MG. PEP. CENT 

C. IV. 

C]e.ar 

150 

“ 7.2 

L. W. (1) 

Clear 

220 

5.5 

L. W. (2) 

Pink (Prontosil) 

160 

6.7 

L. 8. (1) 

Clear 

450 

6.0 

L. a. ( 2 ) 

Clear 

450 

6.7 

L. S. (3) 

Clear 

590 

7.0 

B, C. 

Opalescent 

350 

6.9 

E. T. 

Clear 


6.7 

G. R. (1) 

Clear 

175 

5.9 

G. R. (2) 

Opalescent 

ISO 

6.5 

G. R. (3) 

Opalescent 

S50 


G. E. (4) 

Opalescent 

700 

0.4 

C. F. 

Clear 

9S 

6.2 

L. C. 

Clear 

190 

0.3 

11. W. 

Opalescent 


5.S 

I. IT. (1) 

Clear 

126 

0.3 

I. IV. (2) 

Clear 


5.0 

^E. M. P. 

Clear 

IGO 

5.4 

F. C. 

Opalescent 

290 

6,7 

B. B. 

Clear 

200 

6.9 


PIIOSPUORCS 
>IG. PER CEXT 


2.S 

5.0 

2.0 

3.4 

1.4 

1.8 

1.5 

2.1 

2.1 

2.2 

3.0 


la 

1.S 

1.4 

2.2 

i^i 


‘Dinsnosis not confirmed. 


Thirteen fluids of tJiis group tvere examined for their pho.sphorus con 
In 12 fluids tlie phosphorus content lay between 1.0 and 1.5 mg- por cen ’ ” 
fluid a relatively high value of 2.2 mg. per cent was found. The 
group was 1.4 mg. per cent. These values arc also in close agreement n 
given for normal fluids.*’ ® 

Group 11: Tuberculous d/c«tJipj7/s.— The fluids from patients wit|' 
culous meningitis were generally found to have elevated calcium con on 
teen fluids of this group were found to have ealeium contents jn 

5.2 to 7,2 mg. per cent, with an average value of 6.2 mg. per cent. 
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fluids, 13 had \nlucs gieata than 5 5 mg pei cent, onlj 3 Iiad ^alues less than 
55 mg pel cent It is of interest to note that ■\\hcn it ^^as possible to obtain 
specimens of ceicbiospinal fluid fiom a patient at diffeieiit stages of tlic disease, 
the calcium \alucs lose as the disease piogrosscd Thus, the calcium content 
of the fluid of patient L AV lose fiom 5 5 to C 7 mg pci cent , that of L S , 
from 6 0 to 7 0, that of G R , fiom 5 9 to G 5, and tliat of I "W , fiom 5 3 to 5 6 


Tmjle III 


PorULENT lIlMNams V\D PvOCUirVLUS 


CASE 

DIVGNOSIS 

\I I E-VI \\C> Of FLUID 

CELL COLNT 

CMCIUM 
MC PEP 

CENT 

PIIOS 

PIIOPLS 
wr PEI 
CENT 

R W 

Influenzal 

Verj turbid 

5000 polj 

50 


R H 

Influenzal 

Verj turbid 


49 1 


« G (1) 

Streptococcic 

Verj turbid 

600 pol} 

65 



(anhemolytic) 





W G (2) 

Streptococcic 

\ erj turbid, \cntritul ir 

■4600 poh 


15 


('inhcmol} tic) 





W G (3) 

Streptococcic 

Very turbid 

5000 polj 


30 


(anliemoljtic) 





G 0 (1) 

Streptococcic 

Verj turbid 

SjOO pob 

63 



(hcmolvtic 






and Mndans) 

Ver^ turbid 

720 poly 

6 4 , 


J D (1) 

Streptococcic 

Verj turbid 

2290 poly 1 

50 



(hemolytic) 





J D (2) 

Streptococcic 

Opalescent 

■440 polj i 

45 j 


J B 

Staphjlococcic 

Turbid 

(»()00 polj 


1 2 

J J 

Pneumococcic 

Turbid 

5000 polj 


12 

I) it (1) 

Menmffococcic 

Turbid 

'1000 polj 1 

52 

1 4 

n ? Is? 

Meningococcic 

Turbid 1 

1200 polj 

40 

1 4 

D R (3) 

Meningococcic 

Opalescent 

45 lymph , 

4 0 

2 1 


Influenzal 

Verj turbid 

2800 liolj 


1 9 

K S (2) 

Influenzal 

Opalescent 

ISO polj 

6 0 

18 

K S (3) 

Influenzal 

Opalescent 

1050 polj 

00 


K. (1) 

B pyocyancus 

Verj turbid, ventricular, frank 


06 

70 

R K (2) 


Verj turbid, ventricular, frank 

i 

8 r 


tE K (3) 

B pjocyaneue 

pus 

Very turbid, %entrjcular, frank 


10 3 

74 

R K (4) 

B pjoejaneus 

Verj turbid, \entncular, frank 
pus 


12 3 

92 


and <^®rebrosplnal fluid protein \alues were very high in case (R K ) being 2500 2930 

cent In (1), (3) (4), respcctl\ely 

per values of the scrum calcium and phosphorus were normal being 10 3 and 5 0 mg 

‘''•r cent respectlvelj 


The phosphorus content of the fluids of this group, like that of the calcium 
generally clc\ated The values found for 16 fluids langed fiom 1 ■! to 3 0 
■"s per cent, ith an a-s ei ago of 2 0 mg pei cent In onlj 2 thuds as the plios 
Plieius content less than 1 5 mg pci cent, in 7 it nas 2 0 mg pci cent or liigliei 
phosphorus content of the ceicbiospinal fluid also seemed to use as the dis 
taso progressed In one case, L S , it lose from 2 0 to 3 4 mg poi cent, m the 
'ISC of 6 E , fiom 1 8 to 2 2 mg per cent , and in the case I AV , fiom 1 G to 1 8 
per cent 

Group III p,i, ulent Memngitts and Pyocephalus —The fluids of this gioup 
“'so found to be higher in calcium and pliosphoius than the normal fluids 
1 18 fluids studied, 12 from patients uitli meningitis ueie found to range m 
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Table IV 


Hydrocfpiialus 


CASE j 

APPEAUANCE of rtfUID 

CFLL FOUNT ! 

CALCIUM 

MG. PER CENT 

PHOSPHOPIS 
MG. PEK CENT 

W. H. (1) 

Opalescent, ventiiculai 

310 Poly. 

7.6 

32 

IV. H. (2) ; 

Opalescent, tenlnculai 

350 Polv. 

7.5 

60 

G C ! 

Xanthodiiomic, tentnculai 


61 


IT W 

Xanthoclironiic, lunibai 

40 Lympli. 

6.9 

2G 

B. S. (1) 

Cleai, lentnculai 


7.5 

IS 

B R (2a) 

Clear, lumbar 

30 Ivyinpli. 

6.2 

17 

B. S {2b) 

Clear, tentncular 

Id Lympli. 

6.1 

20 

M. H (1) 

Clear, lumbar 

20 Lymph. 

5.2 

2.1 

M. K (2) 

Cleai, lunibai 

1 Lymph. 

5.4 

21 

J. M. 

Cleai, ventneulai 

3 Lymph 

r> D 

20 

B. G. (1) 

Clear, lumbai 

2 Ly mph. 

4.9 


E G. (2) 

Clear, lurnbai 

2 Lymph 

44 


N. L IV. 

Clear, tentncular 

] 

6.3 


B. G. B. (1) 

Clear, tentncular 




B. G. B (2) 

Clear, tentncular ! 




B. B. L. 

Xanthoclii oinic, tentncul.ir 1 

i 




Table V 

Bbain Tuicojt, Brain Abscess, Brain Cyst 








[■sns 


1 

1 




CALCIUSl 

pirorr'i 

CASE 

i DIAOKOSIS 

APPEAHANCE OF 

ELLin 

CELL COUhT 

5fO. PER 

JIO PEG 


[ 




CEKT 

CFNT 

J. M. 

Cerebellai 

1 Clear, ventneulai 

3 Lymph 

0 5 

29 


Glioma 




69 


*E P. (1) 

Glioblastoma of left 

Clear, lumbar 


120 Lymph. 

2 1 

temporal lobe 



150 Lymph. 

or 


E, P. (2) 

Glioblastoma of left 

Clear, lumbar 



temporal lobe 



450 Bed 


17 

E. P. (3) 

Possible subarachnoid 

Yelloii, lumbar. 

1 iscid 


E. P. (4) 

block 

Possible subarachnoid 

Yclloii, lumbar, 

i iscid 

blood cells 

S3 

39 

block 

Possible subarachnoid 

Yelloii, lumbal, 

iiscid 

7 Lymph. 


45 

E P. (5a) 

block 



Some red 







blood cells 


16 

tE. P. (5b) 

Possible subarachnoid 

1 Clear, subaracbnoid ? 

7 Lymiph 

50 

block 





40 

tE P. (Ga) 

Possible subaiaclmoid 

Yelloii, lumbar, 

i iscid 


S 3 1 

block 




40 


tE P. (6b) 

Possible subarachnoid 

Subarachnoid ? 


.Some red 


block 



blood cells 

09 


IV. IV. 

Cerebellar medulloblas 

Xanthochi oniic 


40 Lymph. 



toma 


! 



12 

C. K. 

Cerebral abscess 

Turbid 


3000 Poly. 

5 0 

11 

L C. (1) 

Cerebral abscess 

Clear 


170 Lymph 

i 15 

1 

L. C. (2) 

Cerebral abscess 

Clear 


22 Lymph 

5.0 

E. M. (1) 

Cerebial subarachnoid 

Xanthochromic 


0 Lymph 



cist 




06 


E M. (2) 

Cerebral subai achnoid 

Xanthochi oiiiic 


110 Lymph 



evst 





19 

E. AL (3) 

Cerebial subarachnoid 

Xanthochromic 






cyst 




64 

jAHfi. 2760, 

21 

E. M. (4) 

Cerebral subarachnoid 
cy st 

; Xanthochromic 





3930, and 27 for fluids 1, 2. 3. 4. 5a, 3b. 6a and Gb. respecti^elj. 

tFrom decompi essed area abo\e tumoi. i ci mp 

JThe aalues of the blood seium calcium and phosphorus a\ete 3G am 
rospectiveU, i e., noimal 


per 


cent 
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laluc fiom 4 0 lo G 5 nif; poi cent, mlh an aici.ige o£ 5 5 mg pei cent In two 
instances in which patients leeoseicd, J D and D R, the calcium sallies de 
cieasecl fioin 5 G to 4 5 ms; pel cent, and fiom 5 2 to 4 0 mg pei cent, re 
speetn eh 

Pliospiioi ns, in 9 fluids liom patients with nieniiigitis, langed in \aluo fiom 
1 2 to 3 0 mg pci cent, with an aieiage salue of 1 7 mg pel cent 

Foul fluids weie obtained fioiii patient K I with B pyocyanntH p 3 o 
ccplialus The calcium salucs found wcic GO, 87, 10 2, and 123 mg pci cent, 
incieasiiig as the disease inogicsscd Pliosplioiiis, deteiraincd in 3 fluids, had 
\alucs oi 7 0, 7 4, and 9 2 mg pci cent Although on autopsj no meningeal 
exudate was found, pathologicalh the fluids closch icscmbled those of the puiu 
lent ineiiiiigitidcs Foi tins icason tliei aic included in gioup III 

Gioup IV- IlyrhoicphdJus — The oalciiiin content of fluids fiom patients 
with lijdioccphalus was found to show inaiKed delations Sixteen fluids fiom 
10 patients Imd lalucs fiom 4 4 to 7 6 mg pci cent, with an aiciagc of G 4 mg 
per cent Only 4 fluids fiom 2 patients with mild lijdioccphalus fell within 
tlio lange of normal i allies 

Pliosplioius was dcteimincd m 11 fluids fioin 7 patients Values ranged 
fiom 12 to GO ing pei cent, with onh two \alucs within the noimal range 
The aiciage \alue foi the gioup was 2 6 mg pci cent 

Gioup V Biain Tumor, Bi/nn Ah^ccsi, Bunn Cijii — Most of the fluids in 
this group, like those of gioup IV, had delated calcium and pliosplioius con 
tents Twcho fluids were c\amincd foi ealeiiiim content and weie found to 
haic i allies ranging from 5 0 to 8 3 mg pei cent, with an aicrage of 6 4 mg 
pel cent In oulv two instances weie the lalitcs less than 5 5 mg pei cent A 
specimen obtained at a later date fiom patient R M showed an meicase from 
5 0 to 0 6 mg pel cent 

Phosphorus was detcimmed in 15 fluids of this gioup, the i allies ranged 
fiom 1 1 to 4 5 mg pei cent, w itli an aieiagc ot 2 4 nig pci cent Eleieii fluids 
of the 14 had i allies gieatci than 1 5 iiig pel cent 

TABLE VI 


WiSCELLlNEOUS 


C\SF 

DIAGNOSIS 

CFLL POINT 1 

CVLClUM 

MC PEP CPNT 

riiosPHORrs 
MO PEP CENT 


iCeiehril iiteiiosclero'-is 

4 

52 

1 4 


!Henuhjpertro|ili> of tlie bo<l\ 


40 

0 0 


Clioiea 

4 

40 

1 5 

^ B 

Chorea 

G 

4 0 

1 4 


Postencephnlitta s^ntlromc 

12 

5 8 

1 2 


Postdiplitlientic tabes 

S 

4 S 



Acute benign Ijmphoejtic 

200 j 




meningitis 





Picpaialjtic pohonijditis 

120 


1 1 

K B 

Polioencephalitis ? ^ 

0 

170 

5 1 

54 

1 1 6 

I W 


1 

4 () 

1 8 

A 


*>00 

5 1 

1 OS 

(> rp 

1 Old 

S') 


I 12 


Postmeasles encephalitis 

1 


! 1 0 


(Postmensles encephalitis 

1 1 

00 

1 4 
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Group VI: Miscellaneous . — On the whole, the calcium and the phosphorus 
contents of the fluids of this group resembled those of normal fluids. The cal- 
cium values of 11 fluids ranged from 4.0 to 6.0 mg. per cent, with an average of 
5.0 mg. per cent. In only two instances was the value greater than 5.5 mg. per 
cent. Phosphorus values, determined from 13 fluids, ranged from 0.8 to 1.8 rag. 
per cent, with an average of 1.3 mg. per cent. 


Table nr 
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tissue dcstiuction inaj be iclated to tlic consistently oIe\ated calcium and phos- 
phorus \alucs of tubciculous meningitis is as "vet .un open question 

The fluids fiom patients ^\ith IndioccphaUis and biain tunioi fell into two 
groups, those mIiicIi 'wcic \anthochiomic and had high piotein content, and 
those iihicli uere cleai and lelatnch Ion m piotein content The fluids of the 
foimei gioup all had high calcium content, some of the fluids of the lattei gioup 
neie also high in calcium content, othcis ncic normal Xaiithochiomic fluids 
i\ere obtained fiom patients nho ncie found on autops\ to ha\e had lesions 
Mhich miaded the meninges oi \entiicles AValtei* has icpoited that in such 
cases there is meieascd meningeal peimcabiliU In the fluids of this tjpe, the 
high calcium and phosphoius content maj also be due in pait to biain tissue 
destiuction 

The mechanism bj i\luch the cciebiospmal fluid calcium and phosphoius 
anj be nicieased dining the coiusc of biain tissue dcstiuction is not clcai 
Recent i\oilv® indicates that the calcium content of fresh noimal biam tissue is 
about 4 mg pci 100 gm Tlie complete degciieiation of 100 gm of biain tissue 
could haie no significant effect on the calcium content of the ccicbrospinal fluid, 
if those figuios aie coricet It follows that the biain tissue cannot be the soiuee 
of the ineicnsc in ccicbiospinal fluid calcium It is known }iowe\or, that dc 
generation of tissue is often followed bj calcification Wells^® stated it as a lulc 
that, except foi the metastatic calcification of Viichow, dcgenciation alwajs 
precedes pathologic calcification The calcium salts nnohed come fiom the 
bloodvessels of the dcgenciating tissue One example of this t\pc of pathologic 
calcification is that found in ganglion cells of tlic biain whicli have become dc 
geneiated or neeiotic Fuitliei, Gevclm and Penficld” have icpoited the oeciu 
I'ence of a gioup of cases of familial ccicbral calcification with epilepsj They 
considered that the pathologic pioccss undciljing the gioup of cases was a 
piogressive closuic of the end artcues in the cciebuim whieli produced 
SR aiea of local iicciosis which then become calcified Whether calcification 
actually does occiu in an aica of degcnciation oi not, it is possible that theic 
IS an 'iccumiilation of calcium salts iii that aica Some of those salts ma> be 
caiiied to the subaiaclinoid space via the pciuascular spaces In cases wheic 
there is no cMdeiice of increased meiiiiigcal pcimcability, the incieased calcium 
lontent of the ceiebrospmal fluid inaj be an index of calcium salt accumulation 
ui an aiea of brain tissue degeneiation This hypothesis is in agi cement with 
the fact that in cases ot severe hydiocephalus witli much coitical dcstiuction 
bigh calcium values weic found, m cases wheie cncephalogiaphj showed lela 
tHelj slight de generation, calcium x allies weie noimal 

The phosphoius content of fiesh normal white mattci is, according to 
■^CMndci and Mj eison,“ about 530 mg pei 100 gm , that ot graj mattei is 
about ISO mg pei 100 gm Since cercbial picssuie atiophj in\ol\cs clnefly tlio 
"bite mattei,!’ the destiuction of large amounts of brain tissue could contribute 
tignifieantlj to the pliosphorus content of the ceiebrospmal fluid It is prob 
oble that some phosphoius accompanies the calcium uliich comes fiom the blood 
'esscls Theie aie, tlierefoie, tuo possible souices of pliosplioiiis, so that to 
"othei tilth incieased calcium t allies, incieased phosphoius content of the ceiebro 
tpinal fluid may be an index of biam tissue destruction 
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Tlie clinical usefulness of our results cannot be definitely evalualecl as yet. 
In tuberculous meningitis the elevation of calcium and pliospliorus, together 
with other chemical findings, may be of diagnostic help. In purulent meningitis 
the calcium and phosphorus values are not sufficiently consistent to be of mncli 
aid clinically. In hydrocephalus and brain tumor high calcium and pliospliorus 
values may indicate brain tissue destruction and may be of prognostic value in 
those conditions. 


CONCEUSIONS 

1. The calcium content of normal cerebrospinal fluid was found to vary 
from 4.5 to 5.5 mg. per cent, with an average of 5.0 mg. per cent. The phos- 
phorus content varies from 1.0 to 1.5 mg. per cent. 

2. Calcium and phosphorus were found to be consistently elevated in tuber- 
culous meningitis, the values increasing with the progress of the disease. 

3. Calcium and phosphorus values were occasionally elevated in puiTilent 
meningitis, but not so consistently^ as in tuberculous meningitis. 

4. Calcium and phosphorus were generally^ elevated in hydrocephalus and 
in brain lesions. 

5. The causes of elevated calcium and 2 )liosphorus values are probably in- 
creased meningeal permeability and brain tissue destruction. The latter may he 
of particular interest in hydrocephalus and brain tumor. 

6. The elevation of cerebrospinal fluid calcium and phosphorus may be of 
corroborative value in the diagnosis of tuberculous meningitis and may jio 
some information about the destruction of brain tissue in hydrocephalus an 
brain tumor. 
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MTHWSS0T?> STA.TE SXNA10MU^^ 


A PRDUMINARY RUPORT OF TIIR BLOOD PICTURE 
IN BRUCELLOSIS* 


Ahiiin Jh\(.rr. BS, \nd I Porim Iliopirsos Pit D 
E\sr Lvnsino, JLch 


T here aio scatleied lejioits m the lileialuie to the ofteet that the blood pic 
tme 111 iindulant fe\ei is cliaraeteiizcd h\ a leueopcnia Mith a idatue Ijni 
plioej tosis,' = a slight to modciatc sceondan anemia, and a eoloi inde\ of less 
than one* Tlicie lias hecii no extensile studs of the blood pictinc in mans eases 
of iindiilant feici Horn iihich one of the s])eeies of Ih iicclhi «as isolated 

An oppoituniti piesented itself this \eai to stiuh the blood pietuie on a 
niiniher of acute iiiidulant fciei eases lioni uhieli BiticcHa mchtams uas re 
coicrcd The patients iieic located on the island of Malta All patients ncie 
show mg sjmptonib of the disease at the time of examination The blood cxamina 
tions neie made fioiii two to foui weeks aftii the onset of the disease 

The data fioin 10 eases in Table I aie upieseiitatue of the findings fiom 32 
cases studied 

Size of Red Blond Cclh — AVe have been unable to find nnj lofeieiices per 
taming to the size of the led blood cells in iindulant fciei A stiidi of their size 
in those eases levealed that thoie is a inaiKed sanation in the blood of iindulant 
foicr patients horn the iioinial In 35 pet cent oS the patients studied it was 
found that an inoioased iiumlioi of llic cells were smallei than normal and m 
19 pet cent thcio was a tendenci of the cells to he Inigei than noimal The aiei 
ogc red blood cell measuicmont foi inula was of a 39 37 24 latio instead of the 
33 34 33 latio’ which we aie using as the noimal distnliutioii The led blood 
cells of some patients \aned m size from 3 to 10 micions, although the normal 
■'anatioii is from G to 10 micions This lariation in size is pioh.ihlj effected hj 
an accompany iiig splenic and In ei pathologs 

H7iifc Blood Cells — The white blood cell count on tlic aierage is lowei than 
normal with a lelatuc and absolute monoci tosis ’ QualitatncB we find an in 
ciease of the iionfilaiiicnted neutiopliilcs Poi seieial hours aftei injections of 
hiucelhn (the cuiatne agent) theie is an delation of the leucoci te count due to 
fhe lacieaso of the nonfilamented and filamented neutrophiles The blood pic 
hue does not letuin to normal until iceoieii has taken place 

One mterostmgi- pomt that has not been noted before is that man) of the 
nature small Ijmphoeites aie much latgei than noimal winch is similar to 
die infeetioiis nionomiekosis tipc of Ijinpliocite These haie been teimed 
'ly Caldcr* “pathologic Bmplioejtes,” and otlieis ha\o named them “laige ma 
^urc Ijnnphoeytes ’’ These cells haic all the appeal anee of small Ij mphocj tes, 
the ratio of the nucleus to ci toplasm being similai to that of the noimal small 
bmplio cjto Thej aie about 12 to 14 micions in diamctei The noimal small 

Sty, 'Journal article No S33 ns Prom the Michifrtn Vgdcultunl Pxporlment Station This 
ailed bj a prant from the Horice H and Mtrj V RacI ham Pirnd 
RecelieU for publication August 8 1938 
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MVNom HUDDi7-so>r mooD piCTunr in brucellosis 


619 


Ijmphoc^ tos iisiiallj mcasuic fiom 8 to 10 micions As main as 30 to 80 pei cent 
of the Ijmphocjtcs iiiaj appeal as this t-vpe oi laigc cell in about 40 pei cent of 
tlie biucellosis patients 

Sabin-' siipci\ital staining has found, in cases of biucellosis, an incieaso 
in the t} pe of nionocj te Inch is similai inorphologicallj to the tj pc ot inonoe\ tes 
associated ^\lth ^allous foims of hepatic imohemcnt ® Tlicsc appeal to be siinilai 
to the at}pieal monocjtes found m cataiilial jaundice-’ In disease associated 
i\ith h\ci pathologj, Isaacs^ has dcsciibcd “a cell a\eragmg 15 bj 13 micions, 
i\ith an oial nucleus, lather dense chiomatiu (hmplioid in chaiactei), foamj 
blue staining cj toplasm (monocj toid), but uith absence of the minute, icd stain 
mg granules of the inonocjte Theie is no pciimicleai eleai zone, as in the 
l>mphoejtc Occasional inclusion giaiuilcs aic found m the c\ toplasm The 
maigm IS ” The “Inei damage cell” of Isaacs ^\as picscnt eonsistentlj in 
all of the eases of biucellosis e\ammcd 

Anothci intciesting point that has boon noted m these JIaltesc patients is 
tint in BiuccUa mchtensts infection thcic is a inaihccl basophilia of the gianulcs 
of the neutiopliiles This phenomenon ma^ be associated ^Mtll the tempoiaturc 
eloiation that the patients expciionecd AVe belic\c that this is cliaiacteiistic of 
thcBr«cc?/rt mchfciisis infection, since "uc I)a\c not cncounteicd bisophiha of the 
granules in Brucella sms and Bntcclla aho)txis infections These gianulcs aie 
similar in size to the Bx ncclla hactciia and stain similaih It is suggested that 
*1 contiol plain smeai always bo made without the bncteiia when a plngocjtosis 
test is perfoimed A toluidinc blue staining technique lias been pcifectcd bj the 
3umor author for the staining of phagocytosis smoais fiom Bxucclhi mehtcxisxs 
infected patients 

SUMMARY AND CO\CIUSIO\ 

We have found m the study of BniccUa mchicnsis infected indniduals that 
the blood pictuie ie\eals a Icucoponia with a lolatnc h mphocy tosis and mono 
cjlosis 

The red blood cells tend to be slighth smallci tlinn noimal, howe\ci, some 
patientsga^e e\idence of maciocyfosis 

The piesence of “pathologic hnuphocA tes” in 40 pei cent of tlie biucellosis 
cases IS significant 

“Luei damage cells” woie found consistciith m these patients 

Finally the basophilia of the gianulcs of the ncutiophiles seems to dif 
forentiate the Bxncella mehtcnsis infection tiom that of the sins and the aboxtus 
mfection 
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RELATIONSHIP BETWEEN AGGLUTINABILITY AND CERTAIN IN 
VITRO TESTS OP STAPHYLOCOCCI, STREPTOCOCCI, AND COLON 
BACILLI ISOLATED PROM PERSONS SUSPECTED OP HAYING 

CHRONIC INPBCTION'- 


Merritt H. Stiles, M.D., Philadelphia, Pa., axd George II. CiLunt.ix 

New Y''okk, N. Y. 


A gglutination reactions Rave been used in attempts to appraise tiie 
t significance of bacteria isolated from siiS3ieeted foci of infection. In 
efforts to determine the reliability of these reactions it wa.s reasoned that 
pathogenicity of the organisms should play a part in tlieir relationship to tiie 
disease process. HowcA'er, it would have been impractical to make am’nia! 
inoculation tests on the twelve tbonsand cnitnres of .staphylococci, stre}itococci, 
and colon bacilli used in, these experiments. Tlierefore, the following tests 
were used because they had previously been shown to have given results 
parallel with certain pathogenic properties of the cultures. Pigment, hemo!- 
3 'sis, and eoagnlase tests^ were used for staphylococci ; resistance to the bac- 
tericidal action of fresh, diluted, defibrinated guinea pig' bloocF"* was used 
for streptoeocei ; and the electrophoretic migration velocit.r"’’ “ was used for 
the colon group. These will be referred to as in vitro tests. 

For the agglutination reactions, pure cultures of .streptococci were groan 
ill brain heart infusion overnight, tested for puritj', washed once with 1.0 per 
cent phenol in 0.85 per cent salt solution, and resuspended in R- 
eoneentrations were about 10 billions per c.c. Other bacteria were groan on 
solid media and suspended in the phenol saline without washing. Unless tbc 
suspensions wei'e decanted before use, the control tubes often contained a 
deposit of bacteria and extraneous matter wliidi was difficult to (listm?u_ ^ 
from specifieall.v agglutinated particles. Tlie methods described by Spicer 
and Mueller and Klise'' were found useful for prejiaring suspensions of aiito 
agglutinative cnitnres. 


A series of tubes containing 1.0 c.c. of progressive dilutions of the P 
tient’s serum, ranging from 1:40 to 1:5,120, together with a saline contra 
were placed in a rack. To each tube was added 1.0 c.c. of the baeteihfi®''^ 
pension. After being shaken for two minutes, the tubes were plaeec 
water bath at 50° to 55° C. for one hour. The tubes were inspected 
eally, and the results read whenever the control tube began to show 
sedimentation. Otherwise, the rack was left on the laboratory table im ’ 
following morning, and the results read at that time. 


‘From tho Clinical Research Laboratorj'. New Toik, N. T. 
Auletl by grants Ironi tiie OpbtbalnioloBtcal Foundation, Inc. 
Received for publication, July 21, 193S. 
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riECTROPHORETlC POTENTIALS 


^ — Conipailson of clcctrophoictlc mlKrition '*'loclt\ nml aggUitiri'ibilitj of SOS 1! culi- 
ftttoffirnt^ cuitu»c'< 



Some of tile tests gave an mcicased titer Avheii le-cxainined Tins was 
found to have been caused by jairiiifr the tubes uheii tliey ivere dropped back 
I'do the racks In subsefjueiit tests the tubes ueie lifted about 1 cm. and 
‘hopped back into the racks, and this was repented a short uhile later. Tlie 
Results were read soon afteiward Because many of the sera agglutinated 
of the organisms in dilutions tip to 1,80, only reactions of 1;160 and over 
"etc considered positive. 
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Certain sera agglutinated a wide I'ariety of bacteria, some of them in high 
dilution. Other sera gave only weak reactions. This suggested that agglati- 
nation was as much a function of the serum as of the bacteria. 

The proportion of agglutinable cultures in ditierent groups was as folloivs; 
Staphylococcus aureus, 47 per cent; hemolytic streptococci, 42 per cent; SIrcp- 
tococcus vn'idaus, 36 per cent; Staphylococcus alhus, 32 per cent; gamma tj'pe 


STAPHYLOCOCCUS AUREUS 


STAPHYLOCOCCUS ALBUS 



NEG. + +• +++++++ 

COAGULASE 



HEG. ++ +++4 

HEMOLYSIN 


HEG> + +■*■ ++4 4+4+ 

COAGOLASE 



urft, +4 ■*'*'*4 

HCMOLYSIX 


3.-— Coinparison of hemolytic and coaBulating properties y.-iUi the agelutinatipn titer of 
B68 cultures ot Staphylococoxis ou^'eHs and 885 cultures of Stnp/ij;lococcus alhus. 


streptococci, 28 per cent; gamma type enterococci, 25 per cent; colon bacill'j 
14 per cent ; and alpha type enterococci, 10 per cent. In a series of 110 normal 
adults, Steinberg and Wiltsie^® obtained with colon bacilli a titer of idOO 
in 3, 1:300 in 4, and 1:1,000 in 1 jierson. 


Table I 


3JEL.moNSHiP Between AGGLUTiNABruTT and in Vitro Tests of Bacteria Isol.vteo FMtt 
Persons Suspected of Hating Pocae Infection 


TYPE or ORGAKISM 

CULTURES 

IJC VITRO rosiTiVE 

IK VITRO 

NEOATWE 

'peb'ce^'i 

AGBEEJir^f 

EX* 

AMIKED 

agge. + 
O) 

AGGI., 0 
(2) 

HSi 

BEMB 

(COttiJd'S 

Staphylococcus albus 

2975 

7.2 

11.3 

16..3 


72.5 

Staphylococcus aureus 

1122 

52.3 

40.6 

3.5 

3.7 


Hemolytic streptococci 

.S09 

26.4 

32.3 

21-3 

39.7 


Nonliemolvtic streptococci 

SCI 

13.S 

29.8 

16.7 

.-59.7 


Streptococcus viridans 

49S0 

19.5 

39.9 

18.3 

22.S 


Colon bacilli 

2148 

1.9 

20.4 

12.2 

05.5 



Beactions considered positive: 

Staphylococci — any strain which coagulated human and rahnit plasma. cuinC-r 

Streptococci — cultures giving ++H- and +++ resistance to fresh, diluted Jeflbrinatc B 

pier blood (sec references 2 and 3). UeOeC.f 

Colon bacilli — electrophoretic migration velocities of less than 52 microns/100 lo - - 
3.45 cm. (see references 4 and 5). 

Agglutination — titers of 1:160 and over. 
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Tiieie did not seem to be a lelationship between the aEtglutmation titer 
and the strength of tlie in vitro reaction (Pigs 1, 2, and 3) Therefoie, it 
will simplify conipaiison to considei only qualitative lelatioiisliips between the 
in vitro tests and agglntniabilitv (titeis of 1 160 and ovei) These showed 
agreement in 72 5 pel cent of Staphylococcus alhns and in 67 4 per cent of 
colon bacilli, but otliei groups showed agi cement in only about one half of 
the cultures (Table I) 

Agglutmable cultures did not give strongei in vitro leactions than inag- 
glutinable cultuies Ceitain cultures vvliieli gave stiongly positive in vitro 
reactions weie inagglutinable Pawls and Cliapinaii- found that, when a 
streptococcus winch was lesistant to fresh guinea pig blood was not aggluti- 
nated by the patient’s scrum, it had greatei powei to pi educe aitliiitis in 
rabbits than did siinilai but agglutmable stiaiiis 


CONCLUSIONS 

In vitio tests which had given lesults parallel with certain pathogenic 
properties weie applied to cultuies of staphylococci, streptococci, and colon 
bacilli isolated fiom persons suspected of having ehionio infection The cul- 
tures weie also tested for agglutinahility by the seium of the person from 
whom thev had been isolated 

There was no close lelationship between the in vitio leaetion and the 
agglutination titei 

There was agreement in G7 4 pei cent of colon bacilli and in 72 5 per cent 
of Staphylococcus alius, but there was agreement in only about one half of the 
cultures of streptococci and Staphylococcus antetis 
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SODIUiV dehvdrocholate solution as a solvent pok 
neoarsphenamine in the treatment of syphilis* 


Clarekce Shaw, M.D., Chicago, III. 


I tieatinent of syphilis with the trivalent arseiiicals one oe- 

easiona y finds patients who have a persistent gastrointestinal intolerance for 
lose driig.s. Although tlie number of such patients is small, they nevertheless 
piesent an nnpoitant therapeutic problem because of the necessity of conlinniiw 
arsenical treatment in some of them. 

t.vpes of gastrointestinal reactions: immetliatc awl 
e ayed. The former type, occurring during or shortly after the adniini-stration 
lese c lugs, ina 3 ' iic due to a number of factors, sucli as gagging produced h\' 
^^le characteristic odor of the.se drugs, '‘speed” shock, colloidoelastic shock, 
iijing leaction, nitrotoid i-eaetion, or the patient having eaten just prior to 

xeeen mg the diug. I< or the most part, simple well-known measures will allcviaic 
these reactions. 


^ The delaj'cd type of gastrointestinal reaction, whicli occurs two to five ov 
moie louis aftei tieatinent, is not so easily prevented. Changing from one drug 
to another, ^ although freciuently succe.ssful, does not always solve the problem. 

lese e aj ed leactions are thought to be due to tlie ai’senieals teniporanl.V hdc''- 
iGiiiig with iiornitii livGv function.'* ^ 

Witli this in mind, it has been suggested that using as a vehicle for the 
arsenical a preparation which increases bile flow, such as sodium deh.vdrocliolatc, 
would help pi-event reactions due to biliary dysfunction. Appel- “ demonstrated 
t le value of this diug in the treatment of arsenical heiiatitis and as a solvent for 
patients wlio did not tolerate neoars]ihenamine dissolved in 
sti e watei. Savulescu'' and Co.stinescu^ have shown that neoarsphenaniine 
isso r ed in a 5 per cent sodium dehydrocliolate solution is tlierapcntically 
It is thought that tliis combination of drugs results in a mixture rather than a 
new ehcmieai eomjioimd. 

In an effort to further evaluate sodium dehydrocliolate, n-e .selected a group 
ot male patients who had been unable to tolerate one or all of tlic trivalent 
arsenicals because of gastrointestinal reactions. Only those patients wlio received 
at least five doses of neoarsphenamine dissolved in the sodium dchydroeholatc 
solution have been selected. Because the group was small, we tried the use of the 
non vehicle in intolerant patients before changing to another drug. In nil P''*" 
tients tlie technique of admini.stration was identical with or without the 
sodium doli.vdrocliolate. Care was taken to avoid undue aeration and to give 
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injcclioiis s1qm1\ P.iticnts sckctod «iie tic.itcd Mitli "i.idii.illi incicdsmfr doses 
ot ncoaisjilicnaiiime dissohod in n 5 pu cent solution oC sodium dcin dioeliolatc 
(dccholiii sodium') Put cuinc lenliineteis of llie 5 pel (int solution mcic used 
foi e\cn 015gm of iicoaisplienammc 

111 a gioiip of fi\e patients in wliom nausea and \ouuliup: oceuiiod immcdi- 
atch afici ticatiiiciit, sodium dcln di ocliolatc uas incffectne in piceeiitmg these 
leactioiis If tlie luistuie did not silt coed on the fiist tiial, it was not tiled again 
and an attempt uas made to cliangc to aiiothei aisenieal 


Tabif I 

IsciDFsci or lor fi \srF of krou spins \mise PrssonFp is Sodii m Pein nroriioi \te 

POI 1 TIOS 


rVTIENT'S 

NUMBER 

NUMUFR 
INJECTIONS 
WITH somuM 1 
pEinnj oriioMTr ; 

\ii\inrr 

\\ ELI 

TOiri xiriD 

NI Mnrp 

NOT 

TOLIPVTFn 

SI USFQl FNTL\ 
TOLLF \TFD 

M VPIIAPSEV 

177531 

10 

10 1 

_ 

\es 

173555 

15 

12 
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n 

0 

o 

\es 

177404 

1 » 

3 
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17910S 

, S 

8 
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178GS4 

s 

7 

3 

Yes 

30030 

11 

10 

1 


175189 

s 

S 


Yes 

1( 3874 

30 

10 



10S783 

5 
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Yes 

lfG5'‘4 

5 



"i es 

304745 

() 

6 

7 1 


Tot'll 

110 

lot 
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In a gioiip of tucho patients uitli the dclaeed ti pe of gastiomtostmal leac- 
hoii to neoaisplicnamine, the icsults MCie much hcttei Out of a total of 110 in- 
jections guon, 103 MOie well tolerated, le, tlieic eras no nausea oi somiting 
lloiiceei, SIS of the tuoho patients weic latei able to toleiate maphaisen uith 
out gastiomtestinal icaetions Table I illustiatcs tlie lesnlts in those patients 
in iihoin dclajed nausea and \omiting ocouiicd 

DISCUSSION 

Pue pel cent sodium deln dioeholate solution as a sohent foi neoaisphena 
nunc ivas Mithout value in those patients in whom nausea oi vomiting oceiiiied 
shoitl} aftei tieatment, hut in those patients in whom tlicsc leactions vveic de 
^aved, It v\as capable of picvciUing leaetions m 103 out of 110 tiials In two pa 
bents the drug was not pcimaneiUlv ellcctivc Aitei these patients had been 
s itisfiictoi ilj call led on foi eight doses with the mi\tiue, thev again became 
uitoleiant No attempt was made to lesume the nse of sodium dclij dioeholate 
uftei a rest in these two individuals (Oecasionalb a patient would lieeomc nau 
seated some time dvunig a course of ncoarsphenamme dissolved iii sodium de 
''Jdiocholate solution, but usuallv the ne\t injection of the same mistuie would 
l*e well tolerated ) In si\ patients the duig was discontinued aftei a icasoiiablc 
bial— ,at least five doses — and maphaisen was used without icaetions 

The added expense of using sodium dcliv dioeholate must he considered 
mwev cr, ni those cases wheie aisenicals aie essential and wheie thev can he used 

•Supplied tluough the couite‘*> of Rie<lel tli* Haen Inc 
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only when dissolved in a solution of this or a similar drug, the difference in the 
cost can be compensated for by the greater therapeutic value of the arsenieab as 
compared with prolonged use of heavy metals. 

SUMjUARY 

In those patients who develop nausea and vomiting two to five hours after 
receiving an injection of neoarsphenamine, the reaction is thought to he due to 
the hepatotoxie character of the arsenieals. 

Twelve such patients were given 110 doses of neoarsphenamine dissolved in 
a 5 per cent solution of sodium dehydrocholate (decholin sodium). Five cubic 
centimeters of sodium dehydrocholate solution were used for every 0.15 gm. of 
neoarsphenamine. One hundred and three of the 110 injections were well 
tolerated, i.e., no nausea or vomiting occurred. Six of the twelve patients were 
later able to tolerate a different drug (mapharsen). In two patients neoarspliena- 
mine dissolved in sodium deh 5 ’drocholate solution was well tolerated at the begin- 
ning of the course but later there was the same reaction that occurred without 
the use of the sodium dehydrocholate. 

Sodium dehydrocholate was valueless in preventing reactions in those pa- 
tients in whom nausea and vomiting occurred immediately after treatment with 
neoarsphenamine. 

Five per cent sodium dehydrocholate solution used as a solvent for nco- 
arsphenamine widens tire range of use of this drug in that it permits further use 
of this arsenical in those patients who develop the delayed type of gastrointestina 
reaction. 

The author Is greatly indebted to his chief. Dr. J. E. Kemp, for valuable suggestions an! 
permission to do this -n-ork. 
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LABORATORY METHODS 


INTEADLRIMAL TEST AS AN AID IN THE DIAGNOSIS 
or ENTEROBIASIS' 


H Tsuchi\ Sc D , \.nd T C BvurRLri\, M D , St Louis, JIo 


D espite tlie common occmrcnce of enterobiasis its ehnical diagnosis is 
frequenth open to oiiois cliiefl} due to difficulties in differentiating pruritis 
‘1111 aeeompanjing tins infection from that attiibutable to othei distiiibanees 
The detection oi oi,a of Lntcrohtns tci nncn2ari<: in the stool is likewise con 
fronted with failiuc Thus, accoiding to Ciaig and Faust, ‘ the o\a of the 
parasite wcie found onlj m less than 5 per cent of infected indi\iduals In 
ordei to facilitate the diagnosis, theiefore, additional methods ha\e been sug 
gested, namclj, bj the finding of the ova in perianal swabs such as recontlj in 
troduced bj HalP or from under the fingernails, oi bj the reco\crj of adult 
i\orms bj means of enemas Though these methods aie apparentlj superior 
to fecal examination, lack of pioper cooperation on the pait of patients maj be 
come a souice of enor in the diagnosis 

T^nterohnts vcrmtculans is gencralij considered as a stnctlj lumen parasite 
of the intestinal tract The clinical pictures due to the presence of the parasites 
tire at times not cleai cut However, catairlial inflammation of the immediate 
tissues caused bj undue attachment of the worms maj induce the absorption of 
toMns secreted by the worms This maj lead to nervous and systemic disturb 
<uiees often ohseived in the patients SchropP was of the opinion that the 
parasite secretes a toxin and that the frequencj of the parasite and its connection 
'' dh obscure common complaints should alwaj s be inv estigated For this reason, 
the present study was undertaken to determine the lelative value of the intra 
dermal test as an aid of establishing the diagnosis of enterobiasis 


METHODS VND OBSEBV VTIONS 


Grubel‘ was the first to introduce the mtradermal test in the diagnosis of 
fflterohiasis The antigen prepared by him consisted of a saline emulsion of 
Enterolmis vmmculai is He demonstrated that an immediate reaction developed 
“1 infected individuals within five minutes, with a progressive itching accom 
panied hj a rash (Quaddelbildung) He also found that the extract was reactive 
after heating to boiling point Schropl later, by using the alcoholic extract of the 
worms, reported that a delayed reaction was obtained in 13 out of 15 infected 
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individuals, while individuals wilh both negative histoiy and stool gave no re- 
actions. Recently, Wright and Bozioeviclv' compared the value of dermal and 
inlradernial tests by the use of physiologic or bnffci' saline extracl.s of tlicivoniR, 
and claimed the higher specificity for the dermal test. 

Prepnredion of the Aniigeii . — A large number of adult worms were if- 
covered from the stool of a patient following purgation with a dose of magnesium 
citrate. The worms u’ere carefully washed one by one by first dipping into 
several changes of sterile normal saline solution, and finally washing tliemclmni 
rather forcibly with the solution. The ivorm.s Avere then placed in a sterile Petri 
dish and left standing in an incubator at 37° C. until dried. These were fiirtlicr 
placed either in a v'aenum over sulfuric acid or treated by freezing with l.vophih 
apparatus until thoroughly dried, after which they were pulverized. The latter 
Avas extracted Avith absolute alcohol at room temperature for tAvo days. The 
residue after evaporation Avas completely dried and then extracted for forty- 
eight to seventy-tAVo lionrs Avith Coca solution (sodium chloride 0.7 per trat, 
.sodium bieai’bonate 0.05 per cent, and phenol 0.33 per cent in distilled ivatej. 
After centrifuging, the supernatant fluid Avas draAvn off, filtered thrmisrh a 
Seitz filter, and stored iu ampoules or vials in the refrigerator. 


SKIN REACTION IK EXPERIMENTAL ANIMALS 

With the use of the antigen thus prepared, thi’ee rabbits (one naturally 
and tAA'o experimentally infected Avith Passalunis cnnhigmis) Avere tested. 
tests Avere made on the abdomen of the animal with Coca solution as a contro . 
The results shoAved that the naturally infected animal gave uniformly 
reactions of more or less delayed tj^pe Avith 0.1 c.c. of 1:100, 1:500, and 1:1 
dilutions of the antigen, but not ivitJi 1 :2D00 dilution. Tiie reactions cleA’clopw 
one hour after the in.icction and persisted usually for tAventy-four 
Avhich time, hoAvever, erythema completely disappeared, leaAung only a shg' J 
edematous area. Control animals AAdiich A\-ere tested inAmriably gave nes*''!^ 
reactions. The tAvo experimentally infected animals shoAved the iuitm 
response on the thirty-first and thirty-fourth days, respectively, 
oral administration of Avashed ova of tlie jAarasites. One of tlie anima s 
later treated tAvice Avith hexylresorcinol. When no oA^a Avere recovered 
feeal pellets upon repeated examinations, the animal Avas remoA'cd to a 
in order to preA-ent a po.ssible re-infeetion. This animal aa^s -'j-pial 

by stomach tube 2000 triehinella laiwae isolated from infected innselchA ar 
digestion. Tlie skin test Avith the enterobius antigen became negatiAC : ^ 
months later, AA'hile the test AA’ith triehinella antigen (1:1000) prepared by 
Hiller, and Friedlander" gave a definitol.v positiA'e reaction. 
to indicate that no group reaction occurred in the animal with 
tion by the use of the enteroliins antigen. All the rabbits also hai'ho^c 
of Eimcria sticdcic AAdiieh indicated that the reaction AA'as appareih 5 
for PassaJnrus amhignus. In order to further determine the speci 
antigen, 8 guinea pigs Avcrc experimentally infected Avith tnehine c ‘ 
After an elapse of three Aveeks, the animals Avere tested Avitli the en^^ 
antigen and found to be negatiA-e in all imstances. In the feeal pe e s 
animals Avere intestinal protozoa including balantidia. 
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SKIN HI \ClIONS IN M\N 

Patients A\itli the complaints oi piuiitis am wcic* tested \Mth 0 05 cc of 
1 500 dilution ol the cntciobius antijreii on the flcxoi snifacc of the foienim 
A contiol \\as lun Mitli Coea solution to eliminate ccUain t^pc oi pseudo 
positncs II the leaetion A\as posilnc, diftoiential blood eounts ■\\eic made, 
emphasis being placed on the pci rentage of eosinophilic leueocvtcs Thej ■\\eie 
leqiicsted to sulimit to us a conijilLto bowel movement loilowing puigation with 
magnesium eitiatc oi a copious enema Caietul seaieh foi adult woims was 
then instituted Tins was done bv floating out m cliai watci the matciial eaught 
in the sieve (40 meslies jici inch) and seaicliing foi the worms in a thin lavei 
in the fiat bottom oi Potn dish ovci a daik bacKgiouiid 

The positive skin icactions obtained aic of immcdiati kvpc and usuallv begin 
to develop in fiom five to ten mimilcs Tbev ait cliaiaetci izcd bv the foimation 
of a wheal oi vaiving size with iiiogulai psoudo))odial maigin suiioimdcd bj a 
zone of ei} thema Tlic reactions aic usuallv lead aftci twentv minutes No test 
IS considered positive in winch theic is not a definite wheal at least 7 mm in 
diametci and a zone of civtlicnm not less than 20 mm in diamotei Definite 
positive icactions aie quite elcai with a wheal 10 to 20 mm in dinmetei sm 
lounded bv an eivtlicma up to 50 mm , with oi without itching Tentativelj an 
cijthoma of 25 to 30 mm lU diamctci is designated as + icaction , 35 niin , ++, 40 
mm, 44-f, and 50 mm oi ovci* -h-h- leaetions The leaction as a lule, dis 
appeals wnthm an houi oi two A slight blown discoloiation of skin at the site 
of injection has often been obsoivcd bv one ot ns (T C B ) 'Whethci it icpie 
sents dermatiopic noeiotizing effect of the to\ms hbciatcd bj the woms is 
difficult to deteimine at this time 

The lesults of the studj showed that lOcontioI poisons vvlio have had neither 
clinical symptoms noi the picsenec of the paiasitc m tlio stools showed negative 
shin leaetious Five persons with pimids am gave positive leaetions, but no 
parasites were found upon lepeated e\aimnations This niav be cNplanied bv the 
fact that some individuals aie hv pci sensitive to anv pioteins injecttd into the 
skm, or prohablj the icaction mav be due to the compaiative low dilution of the 
antigen used Augustine and TIicilci, in tlieii woik on tiieJimosis cited in 
stances in which the numbei of positive icactions dtcieascd when high dilutions 
of the antigen wore used 

Nineteen cases with complaints oi piuiitis am and the ineseiice of the 
adult vvoiins in the postcatliaitic stools showed positive icactions vvitliiii twentv 
mnuites following the injection of the antigen In none of these cases weie tlie 
Humber of oosinopliiles ovei 2 pei cent, and m one instance no eosinoplules wcie 
present Tins seemed to indicate that no appaicnt positive eoiielation existed 
between the nnmbei of eosiiiophilcs and enteiolmis infection Pauliaii® claimed 
the piescnee of eosinophilotactic substances ui liie blood of infected individuals 
Tliese substances weie found bv him to be alcohol and water soluble One of the 
cases undei obsoivalioii gave a negative icaction with a positive stool at tlio fiist 
dsit but developed a stionglv positive leticlioii two weeks latci, indicating that 
file skill lesponsc to the enteiobius antigen did not develop in the eailv stage of 
the infection 
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AUJiL/iUlJNE 

and have been fmed apt to 

period of time. It is for tlS III ^ ^ “ 1»S 

be considered diagnostic The realon^ a ^yo-plas reaction only stouH 

after recovery, :naint:Ln^!To:^^^^^^ 

time to come. ’ ^ of response for some 

_ COMMENT 

tions is little^deloL^.^'^ThT^ Td ™ helminthic infe- 

tain materials contained in th ^ f either upon hjqiersensitivity to cer- 

definite toxin in T normal tissue by a 

indimduals harboriiiff mtP ^Penifie antibody. It is highly probable that in 
tized the skin. As a result^tr^ parasites, elaboratimi of antibodies has sensi- 
derived from the hnni t > 'n m rodnction of a minimal amount of aiitisoi 

mediate locS ^on^ Ta’ti; ^ - 

infected -t-- of rabbi, 

dermal J 

pruritis ani is a r>v<id it,- h. diagnosing cases of enterobiasis in vliieh 

ani wMoHave ^.ifr T‘ <“ »' “«■ ^ve cases „ith pmili 

disturbances other th.^ ^ e negative stoois, may be referable to 

tions or else fun vet it ^ ®®ch as neurologic or allergic eondr 

nomalindl dfsl!?. f f f- *"“. “'’”® TJ>o-8l> fe nnmhr .1 

the test anneared tn ll ^ series lyas too few to justify any eonclusion, 
From the nnmi siiminating the possibility of enterobiasis, 

not be very well o intradermal test in enterobiasis can- 

The diagnosis in m P™nf obtained by the methods premously described. 

in the postentliartip ^ he best made by searching for tlie adult iromi-s 

m tne posteathartic stool, or one follondng a copious enema. 

SUMMARY 

infected study made with enterobius antigen showed that 3 rabbits 

1-500 mid l imn gave definitely positive reactions with 1:100,. 

m5Sa??s anlT. <3^hition of the antigen. This 

Inter trlnld nnf gfoup-specifie reactions. One of the animals which was 

alo?.. St ft recovered from the infection gave negative reaction 

SServt t vT ? I^"^-fhermore, one rabMt and 8 guinea pi« 

intfhe f'’ the enterobius antigen, indicat- 

ing the specificity of the reaction. 

tested with the enterobius antigen. Ten 
f reactions. Of 24 persons wdtli complaints of 
L 1 f ^®^’^^0Ped positive reactions and the worms were found in die 
stools, viiile five gave positive reactions and negative stools. In one case oi 
ero lasis no reaction was elicited until two weeks after the recovery of the 
adult worms m posteathartic stools. This seemed to suggest that the ti-‘is«c 
response to the enterobius antigen was lacking in the early stage of the infection- 
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3 Negatiic tests iieie appaicnth moie valuable in indicating e\idence of 
freedom fiom cnteiobiasis ttian 11010 the posiliio ones in establishing it Hom- 
e\er, the test should ahiais be eheelvcd iiith paiasitologic examination 
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V NKW INSTRUiMI^NT FOR AUTOj\fATICAJ.L-\ RECORDING THE 
EHITHROCITE SEDIMENTATION RATE AND THE VOLUME 
I'ERCENTAGE OP CELLS AND PLASMA UPON A SINGLE 

perjmanent record 


Roi E Nichols, BV Sc, MS, Columdls, Ohio 


A fter a thoiougU icmcw of the subicet ol sedimentation of blood cells, it 
Mas lealizcd that of the manj methods of recoidmg the plionomenon, none 
accuiatelj measmed all phases of the late of descent of the line of demai cation 
bet'ween cells and plasma One method,* based upon the fact that light passes 
through plasma and not thiough cells, suggested the possibilities of photograph} 
3s a means of automatical!} lecordmg the late 

AVith the cooperation of F W Davis, of tiie Photogiaph} Depaitment of 
Ghio State Unuersit}, \aiious photographic methods nere tried, until finall} it 
■'^as decided to attempt to build an instrument that would transfer an image 
9f a ler} nairoiv lertical portion of a blood filled tube through a photographic 
lens onto sensitized papei attached to a leiohing drum 

Pig 1 illustrates the mechanics as applied to this principle 
■d. repiesents the light souice, a 75 watt tubulai showcase bulb ivitli a long 
hlaaient to iliiuninnte a AVintrobe heimtoerit tube* faiily uniformlj from top 
^0 bottom 

R IS a glass walled clnnibei 01 coiidcnsei tluough which water is run to 
eliminate the heat of the light soiuee and cool the eliambei containing the blood 
to Well below room, temperature Theie is a pane of glass between A and 
^ rstabhshing an air cliambei between the bulb housing and water jacket This 
aids in eliminating the heat of the light source 

•From the College of Veterinary Medicine Ohio State Unlversltj, Columbus 
Kecehed for publication May 31 1338 
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C is s thermometer inserted in the ciiamher containing the hlood saaiP c- 
D represents a thermostatieallr-controlled nongloM’ing heating c 
incorporated to maintain in tiie chamber containing the blood tube an> ^ 
perature tljat mar ])e desired above that produced liy the cooling system- ^ 
pi'csent the thermostats are regulated to hold t!ie temperature at 
37'’ C. while the apparatus is in use. Tlic heating element and thermosta 
so constructed as not to interfere with the proper illumination of the n’” 
tube. 

E is a blood tube holder containing a vertical slit about 0.003 of 
wide. This holder is perpendicular to the flat table top upon whiel! fl m 
With the aid of water levels and adjustable .screws in the legs, the table Is m 



MCHOJS iNb.lllLMJN'I J OK IlICOnDlNO SLUI MI S 1 \ i ION lUIL 033 

To minimize \iln.Uion, the table is placed on a mnciit fiooi To fuithei aid 
in minimizing \ibiation, the motoi nhich «icti\atcs the dium is niountod upon 
nibbci and also tastened to the ecincnt flooi 

r Jb a led pilot liglit toi assisl.nuc in adtusting tin theimostat 

0 IS an cloctiic tune suitcli clock 

JI lepiesenls a photogiajdue lens Mbuh tiansiois in piopei focus an image 
ol a \en naiioM poition ot the Wintiobc tulu onto pliotogiaphu jiapci on 
(hum 1 

1 is a diinu toi liolding sinsili/cd papti Tlus dnini is ])eipcndicul ir to 
tlic flat table top and made to tia\el at a pudtteuniiud slon spttd 1)\ nuans 
of a niotoi and u'ducing gcais The speed ot the dium Jna> bt altiicd it dc 
sued, hilt at piesent it is 0 92 i pb This sjieid allots toi a lofoidiug of sedi 
mentation foi one houi Mitlv additional space ktt on tin sensitized papti to 
photogtaph the sample aftei (.ontiitugalion Aioimd the diuni is a housing and 
shiiUoi These are so constiucted that tlio stnsifi/td papei lna^ be placed upon 
die drum in a daikioom The poilion of tin appaiatus containing the sensitized 
paper (dium, housing, and shuttei ) ma\ then be lianstciied to the unit m da\ 
light and the shuttci opened fiom outside ot the unit The appaiatus fiom the 
blood tube holdci to and mtUiding the dium is light tight and the lemaming 
anteiior poitioii can be made so at mil it the instniment is to bt Ubcd in a daik 
room 

Thiec such units ha\e been built and ba\o pioduetd \en giatifi ing icsults 
Although designed to nioic accmatcK establish ‘ noininls and physiological 
lanations” m the blood of oqumes, the appaiatus is sufficienth floMble to make 
its use possible nith human blood oi that of othei animaK 

I’bg 2 ilhistiates the lesults obtained fiom a half honi cvposiue of hoisc s 
blood and a one minute e\posiue of the same sample attoi ccntiifugation 

is the top of the daiK iteaw line and lepiesents the bottom of the 
oolumii of blood The length of W (oi A/V) icpiesents tlie time of esposiue 
AD repiGscnts the height of tlie column of blood (100 mm ) at the stait of 
the measmeinent when the cells aie dispeiscd tiuougliout the plasma 

The daik aica AliCA' lepicscnts the cvposcd aioa of the giaph biought 
about by the ineicasing amount of liglit passing thioiigh the plasma as the cells 
settle out 

The light aioa ABCD'D lepicscnts the iincsposcd aiea biought about by the 
pieseiice of cells tiuough whieli the light cannot pass 

As lepiesents the iieginning and giadualh acceleiated descent of the Ime 
of denial cation between cells and plasma 

lepiesents the giadualh letaidcd descent of the line of dcniaicatiou 
between tiie cells and plasma bi ought aliout b\ the giadually increasing effect 
heaping of cells in tlie lowci poition of the tube 
^ lepiesents tlic tlieoietical point of change between the giadually ac 
^olciated descent (AB) and the giadnalh letaidcd dosconl (BC) of the line 
of deniaioation between cells and plasma 

‘Sigmoid euue ABC then icpiesents a guphic iceoid of the descent of the 
hue of deniaication between ceils and plasma foi a gn on time 
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The small light horizontal lines in area ABCA' represent the millimelcr 
divisions on the tube. 

The small vertical lines in area ABCA' occur at intervals of approximatek 
1.0174 minutes as the apparatus is now run. 

The narrow dark vertical lines preceding and following exposure of tk 
sedimenting and centrifuged sample are made by slight exposure of the sensitized 
paper when the tube holder is empty. 

UW represents the height of the column of blood (100 mm.). 

UV represents the height of the column of plasma after centrifugation 
(volume percentage of plasma). 

FIT represents the height of the column of cells after centrifugation 
(volume percentage of cells). 



This mechanical means of measuring and recording cellular sedimentat 
is thought to embody the following advantages over previous methods : 

1. It measures all phases of the sedimentation phenomenon as it occurs 

the Wintrobe hematocrit tube. . ,, 

2. It measures the rate of sedimentation continuously and automatiea 

3. The record is free from personal error in measuring. 

4. The record is permanent. „ Ijpod 

5. Volume percentages of cells and plasma for the same samp e o ^ 
are permanently incorporated upon the same record as the sedimen a i 
If desired one may alter the ratio of formed elements and plasma to ^ 
decided upon standard volume and photograph the corrected sc 
rate and volume percentages' of cells and plasma for comparison " 
original sample. 
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6 Time heiefofore consumed in pciiodically leading the position of the line 
of dermieation between cells and plasma can be used foi other useful laboratorj 
e\mmatwiis 

7 More than one unit facilitates the compatison of moie than one sample 
at the same time This fact is a gicat asset in pioblems similai to the one now 
being conducted iniohing “stand.iidiration” of technique and establishment of 
“iioimah and physiological laiiatioiis ” 

S If one dcsiics an accui.ite peimaimit lecoid of the standardization of a 
ceiitiifugc as to speed and time neecssiii to eompleteh pack the foimed elements 
of blood 111 the Winfiobe lieiiiatociit tube, one needs onh to stop the centrifuge 
at mtenals and photogiaph the tube m the nmt, icpcatiiig the pioccdiiie until 
no tmthci packing occuis 

9 To standardize a sluikuig deuce loi the piopei agitation of blood samples 
prioi to sedimentation dctciminations, the appaiatus may bo used foi accurate 
peinnnent lecoi dings 

10 It takes little tlioiiglit to find uses foi tlic appaiatiis in mam phases of 
hlioratoii woik otliei than in the field of hematologs 

The ippaiatus Oe^crlbcl innnuf \clurc<l tor the author bj "W F Sipes of Columbus 

RcrrRCNcrs 

1 SulkoTMtch, n W A PJiototrranluc Su‘5pcnsion Sttbilitj Am J M Sc 187 

n, 1034 

- uiatro])e, IV A Simple 'ind Accurate Hematocrit, J L\b A Clin Med 15 287 
1930 

the use or AIR COOLED CONDENSERS IN BLOOD CHOLESTEROL 
DETERMINATIONS* 

r BnEH, Ph D , Detboh, Mich 

JN THE deteimination of blood cholestciol by methods employing the Lieber 
maan Buichaid leaction, contamination of the chloioform estract of the 
blood with watei should be caiefully molded, otherwise eiioneous \alues will 
^0 obtained In mam clinical laboratoiics Liebotf tubes and water cooled eon 
deaseis aie used in prepaiing the chloroform extract Recently, some rathei 
t^xpensue modifications of this appaiatus in\e been put on the maiket winch 
permit aioistuie that foims on the outside of the condensci to tnclde into the 
Irtbe and thus to uiteifeie with pioper extiaetioii or with subsequent color de 
''clopment This nsually oecuis onh when the tap watei is leiy cold, oi when 
“>orelatne humidity in the lahoiatoiy is high The difficulty is leadily oieicome 
X using an cooled eondenseis, the cost of which is also negligible Pyrc\ glass 
tubing, about 30 inches long and one half inch outside diametei, will sene the 
purpose The end, which passes thioiigh the eoik fitting into the Lieboff tube, is 
urawm out somewhat Tiom the standpoint of simplicity and economy , as well as 
^ labil ity , this aiiangement leaies little to he desiiod 

•From the Department of Laboratories Henrj Ford Hospital Detroit 

Received for publication Maj 16 1038 



DETERMINATION OP HIPPURIC ACID IN UMNE- 


T. E. WraeiisELMArs!, Pii.D., and J. G. Probstein, M.D., St. Louis, Mo. 


Q uick some time ago recommended the estimation of ]ii])puric acid that h 
excreted in the urine after the ingestion of benzoic acid as a test for 
liver function.^ The test has two merits: it is simple and it gauges a wdi- 
defined function of the liver, i.e.. its ability to conjugate benzoic acid with 
glycine. When the method came into use in this laboratory for A’arious studies 
tlie analytical technique described by Quick proved to be unsatisfactory, as it 
3'ielded inaccurate and erratic results. Quick determines either gravimetricall.v 
or volnmetrically the amount of hippurie acid which crystallizes out upoa 
acidification of the urine. Aware of the fact that the substance doe.s not sepa- 
rate out completely, Quick adds to the amount of the hippurie acid found 
0.33 gm. for each 100 e.e. of mother liquor. This method of correction implies 
the assumption that 100 c.e. of urine retain at ordinary temperatures 0.33 gnu 
of hippurie acid in solution and that all in excess of this amount oj’v.stallizcs 
out. 


Our exireriments did not bear out this assumption. We found, naiuelh 
that the solubility of hippurie acid in urine at 22® to 26® C. is in the first placu 
considerably greater than 0.33 per cent, and in tlie second place that it slious 
substantial variations with dift'ei'ent urine .specimens. In the experhueuts 
which disclosed this fact, known quantities of pure hippurie acid verc dis 
solved iu measured volume.s of urine samples and subsequently recovered u® 
strict observation of the directions given by Quick. As shown in Table I. 
solubility of hippurie acid was in every in.stanee mucli greater than 0.33 pc* 
cent; the lowest figure we found was 0.44. the highest 0.62 gm. per 100 c.c. of 
urine. To n.se for correction the aA'erage of values which spread over such a 
wide range would be too crude a procedure. The high degree of .solubility <* 
hippurie acid, furthermore, greatly limits the usefulness of the method, siaec 
if a urine contains no more than 0.5 to 0.6 gm. of the sub.staiiee per 100 c.c.. 
none of it separates out after acidification, and the urine passe.s anal.vsis s'* 
containing no hippurie acid at all; likewise, if tlie hippurie acid content i** 

O. 25 to 0.30 gm. per 100 e.e., it eludes detection even if the urine is coneca 

trated to one-half of its original volume. 

^ of 

In view of the merits of the test we attemj^ted to increase the aceuiac.' 

the analytical technique. Onr pnrpo.se was snhstantially to diminish, an 
the same time to render more unifonu, the solubility of liippurie acid m ^ai 

♦From tile Uabniatorv of the Jewish Hospital of St. I.ouis. Thi.s wot It aiUcU U- 

P. a\in ^t.•ly-Florpnc(; H. May Film]. 

Receiveil for inihlication, .lune 2, JH3S. 
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*C\aporiteil to 50 cc before tn»l\sl‘> 


‘•aniplcs ot uime, \\ithout iiiaKiiip: the mttliod umlul' Itilioiis foi use in clinical 
(liajinostic "woik A simple step, le, s.itmation ut the nunc with sodiiiiii 
cliloiide, pioduced the desned conditions As tlie fi'inics in Table II show 
at ortliiiaM loom tenipeiatuics 100 cc ot nunc in winch 30 ot sodiiiin 
chloude IS dissohed, holds in solution oiil\ 0 110 to 0 1 17 j;m ot hippnuc acid 
T/ius its soinbilitj lias been cut to ncail\ one fiftli and tlic ^allatK)ns ha\e 
become lolatneh slijiht, the diflcience between estieme figiues has been 
leduced from (G26-440) 18G to (137-110) 27 niK pei 100 e c Hence the avei 
of the soliibilif\ fifruies, 0 123 frni pei 100 e t of nunc can bo adequntolj 
user! as a collection b\ addition to the amount of Inppnuc aud which had 
separated out fioin the acidified iiime T’lns modification allows tlie analysis 
of 150 cc and e\en 200 ec of uune witliout picliimnan concentiation, 
whereas the niaximiun ^oiume peimitted b^ Quick is 100 eo In addition 
the time lecpmecl foi the complete custalli/ation and sepaiation of hippiuic 
aeui also is eonsidciabh shoi toned 
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The analjtical proueduie is caiued out as follows ileasnie tiie lolume 
"f tlie mine specimen If it is abosc 150 c c , atU a feu cli ops of prlaeial acetic 
acid aii(! etapoiate to a soliiiiio not iii excess of 150 c c Add 50 pm of sodium 
tliloride pel 100 e c of in me and heat sutli slialciiip until tlie salt is dissohed 
Cool tlie solution to about 15° 20° C b\ iiiiiiici sion of tlie flask into ite cold 
uatoij add 1 2 c e of ajipi osimateh 10 bl sulfiim at id and sciatcli tlie sides 
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of tlie flask with a glass rod to enhauee the crystallization of the liippurk 
acid. (This apparently trivial step is important.) Allow to stand for fifteen 
minutes in the cold water bath, then filter through a Hirseh funnel (diameter 
of perforated plate 47 mm.), using moderate suction. Wash the precipitate 
with chilled 30 per cent sodium chloride solution from a wash bottle, using 
the washing fluid first to rinse the flask in which the precipitation has been 
performed. It is not necessary, however, to transfer the precipitate to fiie 
filter quantitativelj*. The precipitate is adequately washed when the washing 
fluid is free of sulfuric aeid. Transfer the fminel with its contents onto the 
flask that still contains some of the hippuric aeid crystals, and rinse tlie 
filtered hippuric aeid into it by dissohring it in hot water; to this end use a 
fine tipped wash bottle. All of the hippuric acid is now in the flask in which 
it had been precipitated; heat until all the hippuric aeid particles adhering 
to the flask dissolve, and titrate while hot with 0.5 N sodium hydroxide, witli 
phenolphthalein as an indicator. 


CALCULATION 

The number of cubic centimeters of 0.5 N sodium hydroxide used for 
neutralization is multiplied by 0.072, which gives the amount of sodium ben- 
zoate in grams from which the hippuric acid was derived. If to this amount 
one adds the con-eetion for the solubility of hippuric acid (0.123 gm- pof 
100 c.c. of urine) in terms of sodium benzoate, i.e., 0.123 by 0.804 = 0.10 g®- 
sodium benzoate, one obtains the sodium benzoate value of the specimen with 
a maximum error of ± 10.5 mg. per 100 c.c. Example: The volume of the unne 
specimen analyzed (excreted during one hour after the ingestion of 4 g®- 
sodium benzoate) was 134 c.c. The amount of sodium chloride added was 40 
gm. (moi’e accurately 1.34 by 30 = 40.2 gm.). The precipitated hippuric aci 
required 11.2 c.c. of 0.5 N sodium hydi’oxide for its neutralization. This cm 
i-esponds to 11.2 by 0.072 — 0,806 gm, sodium benzoate. The correction or 
solubility would be 1.34 by 0.10 = 0.134 gm. sod)um benzoate. The 
benzoate value of the specimen equals 0.940 gm. The probable error is i 
X 1.34 == ± 14 mg. sodium benzoate, which corresponds to 1.4 per cent o 
quantity determined. 

Expressing the amount of tlie hippuric acid excreted in terras of 
benzoate simplifies the visualization of its relationship to the amount 
sodium benzoate ingested. Thus our example shoivs that in one bom 
the ingestion of 4 gm. of benzoate, 0.937 gm., or 23.4 per cent, of it ba 
excreted. 

Occasionally one encounters urine specimens that are niarkcdli 
tinged or dark-colored. The anal 3 ’^sis of such urines is difficult 
hippuric acid clogs the filters due to the admixture of colloids. 
diffieultj’ in such eases is caused by the fact that the final hippuric 
tion is too highly colored and as a consequence the end point of the 
is difficult to determine. This difficulty can be easilj' Qt^rcome bi t 
ing procedure: Add 0,3 gm. of acid-washed norit per 100 c.c. of uri 



I \SSM>\ iioj 1 nnmiMiM m^nommu ()}') 

boil the iiuxtuic ioi about one minute Attei cooling- filtii bs suetion on a 
Hiiseh fumiel, and ■na‘»li the iiout usidiie with a smalt quantity ot Iiot watei , 
moisuic the \o)unie and inocted as oullijud 

1C the mine samples eonttim jnottin, (Ins must be !< Ij^ itnioMd 

hiioic tht (Icttimination ot tlic liippiiijt and (oidnit To tins tnd, nitasuu 
the volume oC the samide, add 5 1 1 of 20 pei cent coppci sultatc solution, 
loix, then i^ith a*,ntatjon inlioducc act oi \/l sodium In dioxide pei 100 cc 
of unne In exceptional cases with xei\ laijre albumin (ontent, double these 
amounts Shake and heat to near the boihiijr Unipeiatinc After eoolin? 
filter lhioiu:h a pfood friadc of hUoi papei into a jrinduatcd (\lindci and 
rccoid the lohnne ot the clc ii filtiate Foi the lest tJic pioc cclin e is the same 
as foi noimal mines, hut foi the fa<t that tlic mine was diluted with the 
jnottm piccipitaiits and that oiih an aliquot poition uas used foi analysis 
This must he taken into account in the talenlation of the lesults 

suinr 

The auahtieal toclmiqiic of Quick foi the dcteimmation of Inppiuic acid 
in in me i.s inaccmate A modification is pioposed nludi lenders the method 
•lUfficicntlj accuiafe foi climcal diagnostic woik wliile retaining its oiigmal 
Mmphcih Dnections aie dcsciibed foi the prclimmin tieatmcut of urines 
nhich coutam bile, daik coloiing inatfci, oi albumin 

rn EitENCD 

Quick, \ T Chmod \ iluo of Tc^t for Hippunc Uid i» Cn'cs of Di^ci^c of Lner 
Artli Int Med 57 544, j£>3G 


A DirrEREM'JAL JIANOMDTKU MUTUOD TUU Till: MKASUREJIENT 
OP BLOOD FLOW' 


IhMiurN Luv^o^, "^rD, I’liD, »\d J F Holt, :M D Lolisiilie K\ 


n^lIE piiuciple ot tile Vciituu uietei oas vised lu l*J2o tv Dalv, and vvitli 
* iiiodifivatioiis 111 1327 b\ 'Wagoiiei .md Livingston, foi tlie ineaviirpmeat of 
WoodfloH In neitliei case did the difieicntiai manometci cmploied peunit 
^ diieet giapine lecoiding of flow 

In 01 del to obtain such a lecoid without icsorting to optical methods, a 
ihftetcntnl nianonietei was constructed iiliicli iionld permit the tahing of 
mocljanical lecotds on smohed papei In piinciple tlie manometer 
liiflcrs leij httle fioin tlie familial Pachon capsule e\cept tliat the membiane 
''^'Heii the piessme cliamheis is double, iihicli peimits sealing each chambei 
^ntigiit Each chanihei thus beronies a simple tamboui It hen the mem 
iiaiKs liavc been attached (condom iiibhei) the chambeis aie bolted to 
niemljraiie to niemhianc, with the lecoiding level sandu idled betvveen, 
"tJOeMn"' ® eT-tmcnt ot Plii "Inloa. nnl rinrnncoIoR} University of I^ninsMllr Schnnl 
bcccivca tor publication Juno C 1936 
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cemeuted to one or both membranes with rubber cement. Tiie lever passes 
out of the capsule through a shallow notch cut in the rim of both tambours 
(Pig. 1). In use, both chambers and all lead tubes are completely filled witli 
5 per cent sodium citrate solution. 

A defect in all rubber membrane manometers to which attention has Itl'- 
quently been directed is the inconstancy of the membrane. This defect is 
present in a differential manometer of the tj'pe described, where the restoriug 
force is the elasticity of the rubber membrane. We have observed slight 
changes in the calibi'ation curve of these manometers for the first Imlf lioui 
or so following their completion, which we attribute in part to di’ying of the 
rubber cement, and in part to changes in the elasticity of the membrane. If 
the tambours are allowed to dry thoroughly, however, after the membranes 
have been applied, and two or three maximum deflections in both directions 
are produced, the manometer gives constant deflections thereafter for a period 
of one or two days, in rubber tube hydraulic systems. Since replacement of 
the membranes requires only a few minutes, it has been our practice to start 
each day's work with fresh membranes, allowed to dry for at least a half 
hour, and maximally stretched two or three times. 



jlO 

Fig. 1. — Semidiagrammatic skctcli to show construction of membrane 
two halves are slightly drawn apart to show insertion of the lever d between tny i ^ 

The lever is a thin strip of phosphorbronze, about 3 mm. wide, which Passes tnroup * 
notch cut in the rim of each chamber, to avoid binding. The membrane (P^pt hnlts i' 
sketch) passes over this notch and is tied in its groove on each chamber, 
loosened to replace the membranes, and tightened when the manometer is in 
rjms of the two chambers are made smooth and broad to avoid cutting the men nni 

the bolts are tightened, except where tlie lover passes out of the capsule. Here tne qboiit 
of each tambour is filed to a dull knife edge. Three bolts suffice, equally 
circumference. Each chamber has two metal nipples a for connecting rubber tubin&» ^ .^j.^ tjic 
washing through with citrate solution. To wash out air bubbles in the lower ^ chamb"-^ 
inanometcr Is rotated about the supporting rod c until the wash-out tube m the 
is uppermost. The inside diameter of each chamber is 5 cm., the inside depth i--- 

In order to apply the Venturi principle witliout using 
Wagoner and Livingston constricted the aorta with an oblique ligatiiie 
origin of a sizable branch, which was canmilated and led to one linilJ o 
manometer. The other limb of the manometer was connected by 
with an artery originating above the constriction. "We found it ver.v ( 
to place a dependable ligature so as to produce this type of constnctioin^^ 
trials on animals and on inhher tube models, the pressure 
given flow was found to he at least as gi’cat if the lower limb of the roaiio 
was connected below the constriction rather than in it. This procec 
therefore, followed in all subsequent work. 


Lvw SON HOLT DIirrnEN'lIU MWOMEfER 
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(191G) gncs the fail m head below a coijstiictjon m a tube as 
II = , wheic 

V.U / 

H IS tlie loss of head, a the tioss sectional aiei oi the tube, Ui the aiea oi the 
constnetjon, and v the \eIocitj in the tube Thus, witii a constant eonstiiction, 
the fall m head below the constiittiou is a fmution ot the \elocitj of flow 
i\o attempt was made in this uoik to pioduce a staiidaid coiistuction in the 
arter} A small GaskcII clamp, with one limb ent thiongh so that it could be 
swneled into place on the \csscl, was tightened down until piessiue on the 
distal side fell 3 5 mm Ilg This was siifticient difteiencc m piessure to gne 
about half of the full deflection fiom the 7Cio point of the manoraetei The 
constriction, as well as the manometci, was calibiatcd at the end of each 
eKporiment, when absolute ^alueb foi flow woic icquucd, be opening the 



, 2 
( 2 ) 


-necoid«» from al)o\e Oownwaid (I) bloo 1 flow into hind Umb of biibiUlizd 


l 5 tc-<«uro^ ciiotld blood jite^suie (meicurv manonjctcr) (3) signal and base line for cuiotil 
mieri/.,! tliirtj second intm ils Betncen signals 1 cc epinephrine 1 50 000 ^^as 

Note ° the fenioril arterj through the central stump of the hsatureil internal iliac arterj 
pressHrs /^^fidlate transltorj reduction m bloovl flow duiing the injection due to the rise in 
UDifM ^ feniomi artcr\ from the \oUime of fluid injected This is followed bj the 
constrictor effect of epinephrine 


below the lowei limb of the inaiiometct and measuiiiig diiectl} the flow 
^pquired to pioduce manometci deflections obseiied in the e\peiiineut As 
a mle, each deflection was cheeked against flow at ieast twice In the second 
cahbiation blood piessuic was usually consideiabl’. loweied b^ hemoiihage, 
'et the two deflections foi a giien flow checked with an eiioi of not moie 
3 pei cent This conflims obsei\ations on aitifieiai systems that the 
^^hbiatiou of the maiiometei is independent of the head of piessiue o\er a 
^itliei Wide range 

bi Older to measuie flow into an oigaii h^ this method it is, of coiuse 
i^eeessan that all blood flowing past the coustiiction enter the oigaii being 
^hulled Foi flow into the hind hmb of the dog, we ha\e placed the consfric 
on the aoita just aho\e its hifui cation into common iliacs, cannulated one 
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iliac (after tying all intervening branches), and tied all brandies on the con- 
tralateral iliac as far distallj'- as the inguinal ligament (Fig. 2). Clotting in 
the cannula was less frequent if the stump of iliac to be caimulated was 
left long. 

If it is assured that pressure just above the constriction rises and falls 
exactly with carotid pressure, the upper limb of the manometer may be con- 
nected with the carotid. In the work which we have done on blood flow 
through the leg as influenced by’' local effects, there is good ground for belicT- 
ing this to be true. In our heavily barbitalized or etherized dogs the differ- 
ence in pressui-e in the carotid and the femoral artery, before eonstrictmg 
the aorta, was never greater than 1 mm. Hg, and remained constant tbrougb 
minor spontaneous changes in carotid iiressure (mercury manometer con- 
nected with remaining carotid) such as occurred in the course of a lialf-bour s 
observation. Furthermore, even maximum changes in flow in one leg do not 
appear to affect the lateral pressure m the lowermost segment of tbe aorta 
under these conditions, since the differential was unaffected by completely 
occluding the remaining femoral artery. It was, therefore, concluded Ibat 
for our purposes, carotid pre.ssure is a sufficiently accurate measure of pres- 
sure throughout the aorta down to the constriction. It is theoretically pos- 
sible, however, that under some experimental conditions, such large deflections 
of flow may occur between the carotid and the lowermost segment of Hn? 
aorta as to invalidate this technique. Where such deflections of flow n'f.' 
occur, the upper limb of the manometer should, for the sake of siraplicitj > 
connected just above the constriction. 
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THD QUANTITATIVE DETEKJ[INATI0N OF URINABY ESTROGENIC 
IlORJrONE (BIOLOGICAL HETIIOD)^’' 


A CoNbiDLrAfiON or tiid Tccuniqui:, Animal Colow, and 
Labor iTon\ PnB«JONM:L 


Allvn Palmik, MD, Svn Francisco, C\lif 


I XASMUCII as do c!ioniii.,il inothod oi imasminfj estiof,cnic hoiiuouc lias 
pio\(Kl piactital loi tlic nunc of iioiipiegnaut Momen ne must still leL 
upon a biological inoccdme foi this pmpose Smic llie themical identity of 
Ibe cstiogenic hoiinone in the mine of nonpicgnant women has not, as fai as 
Ilaiow, been accuiatclj dcteimmcd, it is safest to speaL of such hoimone as 
Inuiig estiogenic poteiiej equnaleiit to a ehoinica))) innc hounono of known 
height, piefeiab^ cstione The \alne of dcteimuuug the “fiee” and “com 
ImiecU' estzogemc liounouc piopoitious lu the iinne of piegnant women and 
possililv also in llie inino of iionpiegnant women, has been dcinonstiatcd ’ 

The pioeediuc to be outlined and discussed beie lias been developed horn 
seven jeais of pcisonul cvpeuencc, with most of the dcsciibed methods of 
biological nssaj, a knowledge of chemical methods, and fjom paitieulai at 
tentioii paid to the standaidi/ation of values obtained Neailj a thousand 
lUimi} cUtacts have been piepmcd, of winch 550 have been completely as 
swed Tlie piocediuc is descubed in two sections, the fiist dealing with the 
picparatiou of animals and the second with tlie piepaiation of nunaiy e\- 
tiatts The method of piepauiig annuals foi testing is ongnial and, except 
foi a clniigc in the gioupiug of annuals, is jdcutieal witli an eailici lopoit No 
piU of the te<hiu<pie on the picpaiatioii of extracts is ougnial It is a com 
filiation of the best feattues fiom sevcial methods The pzoccdine can be 
'ipphea to the mine of piegnant as well as uonpiegnant women, men, and 
Uuldien 

PROCEDURH 

A The Picpaiatwn of Ammals—On a Moiidaj eacli of a huntlicd 4 mold!) 
old female mice is casUated tluousli a shoit dorsal incision, aftei wincli a skin 
«!ip IS applied to allow liealms of the Mound One iicelc latei, the skin clips 
aie remoied and caeli mouse is gnen a siibentaneons injection of 2 gamma 
estioiie III 02 c c oIi\e oil On Mondaj of the ne\t iieek each mouse is gitcn 
gaiiuna estrone in 02 c e oh^e oil, and on the tlind daj folloMing a Miie 
loop sciapiiig of the lagiiia of each mouse is e\ammed Onb those animals 
o^liibiting complete laginal coinification are set aside as eligible test annuals 

‘lie Department ot Obstetrics anU Gjnecolocs Umversltt of California Medical 
I'ool s-in Jranci^co Siippoited by the Christine Breon Fund for MeJicil Research 
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for unknown urinary extracts to be injected four daj^s later, three weeks from 
the date of castration. The principle evolved here is one of overstimulating 
the animals. The dose given at the fix'st injection (2 gamma) will cause every 
animal to go into estrus, consequently no examination of vaginal smears need 
be made. The dose of estrone given in the second injection (0.2 gamma) lias 
been found to be the best minimallj’’ effective dose of estrone to which the most 
sensitive of animals will react. Early experiments revealed that while an ani- 
mal would occasionally react to 0.1 gamma estrone, the percentages of animals 
responding to this small dose and the frequency with which the same animal 
would respond to the same small dose were so .slight that it did not seem prac- 
ticable to follow this earlier procedure. Admittedly then, the acceptance of 
0.2 gamma estrone as the minimal effective dose introduced a possible error 
of 100 per cent at the outset, but this is minimized by the proper spacing of 
dose lev'els and by^ the use of three controlled animals for each test dose. 

Animals not exhibiting estrus after the administration of the first 0.2 
gamma estrone dose are overstimulated again with 2 gamma and gb'Fa ^ 
second trial with 0.2 gamma estrone. To those animals still not responding 
to the minimal close, the overstimulating ]procech}re is repeated a thii’d time 
before finally discarding uourespousive animals. All injections, whether they 
be overdoses, minimal doses, or test doses of unknown extracts, arc given rou- 
tinely on Monday of each week. Vaginal smears of test animals only arc 
examined Monday morning before injection, Wednesday morning and after- 
noon, Thursday morning and afteiiioou, and Friday morning. Full vaginal 
cornifieation in the animals under test, as revealed in the Thursday morning 
smear, is the only criterion of a positive reaction, and this is the same end 
point obtained when the known standard is used. The other smears fi'om 
animals under test are useful iu checking, for evidence of persistent esuws 


and for eiwor in castration. 

After ail animal has been used for testing an unknown extract, it m c 
the minimal dose of estrone a week later, provided it went into 
the unknown extract, or the overdose followed by the minimal dose if 
not go into estrus with the unknown. Every animal used for testing 
responded in full estrus to the Jaiowu- standard minimal dose of estrone one 
before. ^ 

Three animal bins, each 1 foot by 2 feet by 1 foot, are maintained 
series of 100 castrated test mice. The first bin holds animals iindci es ^ 


the week, the second holds animals injected with 0.2 gamma estrone 


and the 


third holds animals injected with 2 gamma estrone. Vaginal smeais 
obtained from the animals in the first bin of each series on Monday , 'ipp,ir 3 - 
Thursday, and Friday ; from the animals in the second bin of each 
day morning only'; and not at all from the animals in the third bin 
series. Two or three bins are maintained for the newly castrated 
as they respond for the first time to the minimal dose of estrone they ai 
numbers and used to fill in, as replacements, the missing nnmbeis m 
the test animal series. 


rALMi:i{; Di:Ti:ijjiiNATrox or ukixakv rsTuoGCNic horjione 


m 

B. The Preparation of Uiinart/ Extracts . — method of esti’Ogeuic hor- 
mone esti'actioii couvbiiics important features of several other methods/'-^ Since 
it is suspected that sudden Ijornione e^reretio?! maj* occur at times during a 
period of a few Iiours or less, it is advisahle ahvays to require a complete 
tweuty-four-lioiir urine sjmeinicn wlien an assay is to be done. This is par- 
ticularly necessary when one wishes to demonstrate the daily excretion of 
hormone by any sort of a graph. I believe that a twenty-four-hour specimen 
of less than 800 c.c. with a .speeide gr.avify below 1,010 cannot be considered 



cc — Continuous extraction arp-^ratus (moUifled from Kurzrok and Ratner®). A, 1000 

Xo jt-n ^ standard groundglass coupling Wo. 35; O, standa/d groundsiass coupling 

Water cooled reflux condenser; E, 500 c.c. flask; E, steam bath. 


complete. The specimen should be collected in a jar containing about 2 c.c. 
of toluol, and if possible kept on ice during the period of collection. Toluol 
^ iiontoxic preservative and does not interfere with quantitative gonado- 
hopie hormone procedures. Any amount of estrogenic hormone that may go 
^'do the toluol preservative is automatically transferred to the “free cstrin” 
A maxhuum time limit, preferably twelve hours, should be adhered 
lo between the time the coliccfion of a specimen is completed and the time the 
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extracliou of free estriu is started. This is of greatest impoiiaacc with refer- 
ence to the urine of pregnant -women -where slight haetcrial hydrolysis is apt 
to occur in the urine on standing. 

Eacli trvent.y-foui--hour urine sireeimen is made up to 3,200 e.c. witli dis- 
tilled water if it does not already exceed that A'olunie. Of this, 700 c.c. arc 
used for estriu assay, and 500 e.c. set aside for gonadotropic hormone assay. 
The 700 e.c. portion is put directly into a continuous extraction apparatus 
(Pig. 1) and extracted with benzene for twenty-four hours. Chloroform, 
ether, ethyl acetate, and benzene haA'c been tested for their efficiency in 
extracting internationally^ standardized estrone from aqueous solution. Of 
these solvents benzene has been found to be the most efficient. The collecting 
flask contains 100 c.c. of a .saturated sodium carbonate solution as a wash for 
the benzene extract containing the hormone. Saturated sodium carbonate 
solution has been found not to remoA’e e.strogenic hormone from benzene solu- 
tion. The latter is then transferred to a separatory funnel and washed uitli 
100 c.c. of 2.5 per cent hydrochloric acid, saturated -with sodium chloride, to 
remove any trace of alkali. A small amount of olive oil is added to the ben- 
zene solution and the benzene remoA'cd bj’’ steam heat. The final extract is 
made up to 7 c.c. Avith olive oil, thus making a 100-fold concentration o 
urinary estrin in its “free" state. 

One hundred eubie centimeters of concentrated hydrochloric acid ari- 
next added to the 700 c.c. portion of urine and the mixture autoclaAed oi 
one and one-half hours under 15 pounds pressure at 120° C. After 
ing, the urine is re-extracted Avith benzene for tAventy-four hour,?, ' 
extract Avashed and evaporated as befoi-e and put into olive oil as a • ® 
concentration of urinary estrin in its “combined" state. 

The olive oil exti-acts can be kept indefinitely Avithout danger of 
ration. Assays have been carried out on the same extracts as long as 
years apart, Avith identical A’alues obtained. 

Injections are made according to the form sheet in Table I ami eoi 
tions for the tAvenly-fonr-hour A'olume calculated. Values for less 
gamma of estrone per liter of Airinc are not determined. .When 4.0 gamma 
liter cannot be demonstrated, the value is recorded as negative. 

NORMAL VALUES FOR AVOJIEN 

An absolutely accurate and full statement of normal values cannot 
made due to the difficulties encountered in carefully collecting anc 
complete, consecutive tAventy-foui'-hour urine specimens from ti ^ 

individuals. HoAvever, it is safe to say that a normal Avoman e.xcretes 
80 gamma of estrone-equivalent per day, except during the time js 

struating, AA-licn the amount is usually not demonstrable. T he ex ^ ^ 

greater during the second half of the intermenslruum. For one to 

at midintermenstruum there is normally a peak excretion that nm.A 
as much as 200 gamma. This peak is supposedly associated aa i ' 

A consideration of the mechanism involved in ovulation and assocn 
mone excretion in a normal Avomaii has been gh’cn prcAuousl.A. ^ 
strual rise in estrogenic hormone excretion is slight and incous an . 
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Throughout the cycle of a normal nmman the urinary estrin has hm 
found to be in its combined fat-insoluble state. Only by extraction and assay 
of consecutive complete t^Ye^^ty-fonr-honr urine specimens from the same in- 
dividual may the transient excretion of free estriu be demonstrated at mid- 
intermeustruum and again just premenstrually. 

An excretion of less than 4 gamma estrone-equivalent per liter of urine 
seems to he defiiutely abnormal for a normal adult woman not bleeding. Since 
more than this amount has been found in some cases of persistent amenorrhea 
and natural menopause and since this amount has never been demonstraicii 
in a patient udiose ovaries have been removed, I believe that 4.0 gamma is an 
acceptable excretory level below which ovarian inactivity' or absence of estro- 
genic hormone elaboration is quite definite. 


LABORATORY HELP AND THE ANIMAL COLONY 

Equipment and personnel for a laboratory to carry out routine liorroouc 
assays deserve much consideration- A statement as to the jn’actieahiiity d 
such a laboratory is not veutiu'ccl. Two full-time technicians and a full-time 
animal caretaker are the mininnnn for the required number of persons devot- 
ing all of their time to this work. 

An animal colony of not less than 1^000 mice should be maintained. AP' 
proximately 400 castrated adult female mice on hand at all times are neces- 
sary for the routine testing of twelve twenty-four-hour urine specimens each 
week. To maintain this nninher of animals for testing, it has been fmuui 
necessary to castrate approximately 100 animals every three weeks. 

The size of the animal colony advised is sufficient to allow almost an i!'i 
limited number of AscJdieim-Zondek pregnancy tests and quantitative ciionoine 
gonadotropic hormone assays. 

A review of figures collected over a year’s time reveals that the exposure 
of 40 adult female mice to males each week (1 male to 8 females) 1ms ecu 
productive of an average of 17 litters of newborn mice per week. Too oiw 
room temperature seems to have been the greatest single factor respoi 
for low fertility'. This manner of breeding supplies an average weekly 
of SO y’oinig females which can be used for pregnancy tests or ^ 

gonadotropin testing when 21 days old. Those not used at 21 days 
the strength of the colony for estrogenic hormone tests and for rm 
breeding. 

All but an extremely small iiercentage of the newborn males 
stroy'ccl when 2 or 3 day's old. This allows a .standard litter size o 
five y'onng females to each mother. With the advent of a good rodent 
male .sex liormone, the .specifications for a laboratory’^ described lieiem > 
readily' adjusted to supply' animals for the quantitative deteimiiR'* ’ 
urinarv androgen. 


rrep'!'”'-''' 
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FULMINATE FEKRICYAXIDE REAGENT^ 


AVith 1 Note on a Color Rliction for the Ellmimtes 


Robert D Barn tro Cnictoo III 


'"PHE utjlitt of (hieet titiations \nth foumaimle solutions lias been some 
* ivhnt impmied bj then pale coloi Coiiscqtientli then det olonzation to 
ferrocyanide is tm end point difficult to lead AVi luiae seaiched foi an in 
tenial indieatoi to be used uith the alKaUue feiiicvamde lea^ent foi tlie time 
method of blood sugai deteimuiatiou of IlauLins and A <in bltKe ^ ns nell ns 
for the feiiic^nnide lengent emplojcd in diiect inic ntid titintion bi the 
method of Barnard - Onl\ accidentalh a\ns it disco\oicd that the fulnunntes 
(those of sihei, sodium, and lueremi ueie imestignted in tins connection) 
stiiKe luth fenictanide, in ncutial oi nIKaJine solution a deep lose red coloi 
a hioh appears characteristic foi the fulminates This coloiatioii is eiideiith 
the result of the foimation of an addition compound since tJie oiidant nature 
of the fenicianide is not iitinted The titei of the fulminate fen il> anide 
solution IS equal to that of untreated feuicjamde solution as deteimined bj 
titration of uric acid solutions 

The reageut is piepared b\ the addition of meiciiiic fulminate to potas 
Slum feinejaiiide solution It appears to Keep ludefinltel^ 

Prepajatwn of ilfeicifnc fi^wspeiKioa — Ten grams of metallic 

mereun are dissohed iii 10 ce of coneentiated nitiic acid and tlie resulting 
Solution IS pomed into an equal lolunie of 90 pei cent ethjl alcohol in a large 
Eilenmeiei flask The leaction, ulueh is lather turbulent is alloired to pio 
under a hood AAUien complete the supcinatant fluid is caiefulh de 
(tinted and the giaiish deposit is « ashed uith seieial changes of distilled 
bater until all tiaces of acid aie removed The fulminate is Kept under 
^ater The danger rn its handling has been consideiablj overestimated 

^’I'cparafioR of Ccntunolor Fithmnatc rcuiajamdc Feagcnf —0 329 gram 
*^f oijstalline potassium feriicvamdc is dissolved in about 50 ee of distilled 
A fen cnstals of the moist meicmrc fulminate are added, and the 

Chicae^’*''’'" Labor-itorj of TherapeuUcs of the Collese of andicfne ^;nUe^«5lt^ of IlHnois 
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reagent diluted to 100 e.c. Tiie color intensitj" readies its maximum in twenty- 
four hours, after irhich the reagent is readj^ for use. There should always k 
a slight excess of undissolred mercuric fulminate at the bottom of the cm- 
tainer. 

REFERENCES 

1. Hawkins, J. A., and A^an Slyke, D, D.: Time Method for Determination of Kedncin? 

Sugars and Its Application to Analysis of Blood and Urine, J, Biol. Clicm. 81: 
45D, 2029. 

2. Barnard, E. D.: Electrometric Titration of Uric Acid, ,T. Lab. & Chs. Hed. 16: IWi, 

1931. 

1853 AAL Polk Stkeet 


DEMONSTRATION OP THE BACTERIOSTATIC ACTION OF 
SULFANILAMIDE UPON HEMOLYTIC STREPTOCOCCI 

IN VITRO ‘ 


E RAVIN Neter, M.D., Buffalo, N. Y. 


F OLLOWING the important discovery of Domagk^ of tlie therapeutic cSM' 
tiATuess of proutosil in experimental infections of mice Avith lieniolytic 
streptococci, numerous articles hai'e been published eoncerniug various phnsK 
of this new form of chemotherapy of bacterial infections. It is beyond don 1 
that sulfanilamide and related compounds are effectiAT also in the ti'eatiu^ 
of human infections due to hemolytic streptococci. In the first piiblicahoii. 
Domagk emphasized tliat iironto-sil exerts its effectiveness only' in A’ivo butuo 
in Au'tro. lu 1936, CoJehrooIc and Kenny- reported that the serum of pod® “ 
treated udth proutosil retards the groAVth of hemolytic streptococci. In 1'^ 
same year, Colehrook. Buttle, and O’Meara® conclusiA'dy shoAved that s« 
amide is bacteriostatic tou'ard hemolytic streptococci; they found that sw 
amounts of sulfanilamide (1 -.lO.OOO) may delay the g-roAvth of hemolytic s lei^ 
toeocci for several clays, proAudecl tliat a .small number (30-50) of henn 
streptococci Avere inoculated into the i-e.spective broths. IVhen large m 
(30,000,000) of hemolytic streptococci AA'cre used, even a 1 pw’ 
centration of sulfanilamide failed to inhibit the groAvth of the organisms. 


dependently, Long and B]is.s^’ a noted the bacteriostatic effect 


of sulfanilamide 


on hemolytic streptococci in vitro. Bliss and Long® furthermore demons 
that a 1:1,000 diluted sulfanilamide Jacked bactericidal 
hemolytic streptococci suspended in broth or serum broth. The (g. 

effect of sulfanilamide in vitro toward small numbers of the 

cocci Avas also eorrohoimted by O.sgood." Mellon and Bambas »o 
marked baeterio.static action of sulfanilamide upon hemolytic ...e 

* *4-' ittlpOH**" 

spinal fluid of treated patients AAuth streptococcal menmgitm, i ■ 
to state that the bacteriostatic action of a 1 :1,000 diluted sulfanilamif 


demonstrable Avith all types of hemolytic streptococci. Bliss and Lo 


‘From the Laboratorie.": of tlie Cliildren’ji Hospit.al and the Vepartment o! 
Bactcrlolosrj% University of Buffalo School of Medicine. 
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cliisi\el} slmed that such amounts ot suUaiiilaiuKlc failed to letaid the gio^th 
of ^oup D Laneefield ]lemol^tlL stieptococci This hndiii" is ot consideiable 
clinical importance In tins connection it is of inteiest to niontion that Helm 
liolz^® found the mine of patients tieated witli piont\lin, bacteiiLidal towaicl 
stapln loLOcci and \anons jriaiii ne*ratne badlli, but not touaid enteiococci 
It follows lioiii this biicf icMew of the Iitoiatnie that snlfamlamide 
IS bacteiiostatic tou<iid ccitain stiains ot lieinohtic stiejitoiocci The demon 
stiation of this bactcuostatic action lio\\e\ei is a lathei laboiious piocediue 
The folIo\unp: is a dcseiiptioii ol a test tube method loi the diffcicntiation ot 
sulfanilamide susceptible and suHanilaniide lesistant stiains ol hemohtic 
stieptococLi This method does not necessitate a dilution of tlie hioth used 
for inoculation ot the test niedinni noi a count ol tlic mimhei ot micio 
orgaiiisins befoie and aftei tieatinent Aiith sultainl much 

TLCHMQUC 

Phenol led bioth base (Difco) in tlic ^M\en amount i\as dissohed in 
ueutialized distilled uatei , then 1 pei cent soluble staich, 02 pei cent agai, 
and 1 pel cent maltose oi dextiosc, icspccti\elj, ueie added The mi\tuie 
uas heated in a A\atci bath until conipleteh dissohed bulfanilamide po^\del 
lias added to one pait, the othci pait uas used as a contiol The sulfanila 
niide prepaiatioii used was piont\Iin, leiniuficd foi injection Aftei the 
Milfanilamido uas dissohed bj heating m a i\atei bath, botli bioths \veie auto 
clawed foi tueiitj minutes at 15 pounds picssuie Tlie eultuic medium, le 
ferred to as phenol icd bioth and sulfaiulamide plienol led bioth, iospecti\el} , 
'tas aluajs kept in the mcubatoi at 37® C 

Vaiious stiains of hemohtie sticptococci, isolated iii this laboiatoij fiom 
human soiuces, mcic inoculated in plienol led biotli containing sulfanilamide 
us uell as m control bioth About one loopful of sixteen to eighteen houis 
plain infusion bioth ciiltuie uas used foi inoculation The inoculated ciiltuie 
aiedia ^\eie incubated at 37° C Giouth in the contiol phenol led bioth, 
uhieli IS aceompaiiied bj change of the indicatoi fiom icd to lellou due to 
the acid production, i\as used as the standaid and conipaied uitb giowtb and 
icid pioduction in the sulfanilamide iihenol led biotli Tlie diftezence in 
growth was taken as an indication of the bacteiiostatic action of sulfanilamide 
iipon the lespectne stiain 

RESUI.TS 

I» the fust expeiiment, 10 diffeient stiains of hemohtic stieptococci were 
inoculated into (1) phenol red bioth, coutaimug 0 8 pei cent sulfanilamide, 
■■‘nd (2) phenol led bioth contiol Table I gnes the lesnlts obtained Of the 
10 shams tested, 6 (gionp 1) weie completely or markedly inhibited m 
sulfamiamide phenol led bioth Gionth ni the controls occuried aftei fne to 
hours' incubation at 37° C Aftei sixteen hoius’ incubation at 37° C , 
one of the G strains grew out in sulfanilamide phenol red broth, although the 
f-'i’onth was maikedh less tliaii in the lespectne contiol The lemainmg 5 
failed to glow out in sulfanilamide phenol led bioth eien when 
lacubated for two weeks The 6 shams tested m this senes were found to be 
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fibrinolytic and to produce in 1 per cent glucose broth a pH above 5.0. The 
reinaining 4 strains (group 2) ivere not or only slightly inliibited in 0.8 per 
cent sulfanilamide phenol red broth. Three of these strains ivere identified 
as hemolytic enterococci by their growth on 40 per cent bile agar, their 
capacity to reduce methylene blue and litmus in skimmed milk, by tbeir pro- 
duction of a pH below 4,8 in 1 per cent glucose broth, and by their ability to 
ferment mannitol. The remaining strain of this group, ivhich was not in- 
hibited by sulfanilamide, produced a pH of less than 5.0 in 1 per ociit 
glucose broth and lacked fibrinolytic activity. This latter strain was isolated 
from the urine of a patient with cystitis. 


Table I 

Bacteriostatic Actiox op O.S Per Cent Sur.F.ANiLAjriDE TJros' HE.MOiiVTic STKEPTOcorci is 

Phenol Bed Broth 



GROUP 1 

GKOCP 2 


Strains number 

1 074 

1179 

1270 

1372 

1373 

2521 

23 

26 

204U i 

2S57 

Phenol red broth with O.S 


_ 


_ 

+ 


-(--l-f-f 


4-44j 


per cent sulfanilamide 
Phenol red broth as con- 

+■ 4* -f 4- 

f -1--14 

f + + + 

4* 4- + •)■ 

f 4- 4- 4- 

4- 4" 4* 4- 


I 

4 4- 4- + 

4-1 -If: 

TTT* 

trol 


1 

i 









- = No growth or acid production. , ■ 

-I to ++++ = Various degrees of growth and acid production after sixteen hours 
tion at 37°C. 


In order to test the action of various concentrations of sulfanilamide upon 
the groivth of hemolytic streptococci, the following experiment was wider 
taken. Two strains of hemolytic streptococci (No. 1373 and No. 2521) 
inoculated in phenol red broth containing various amounts of siilfanh'’™ 
0.8 per cent to 0.0000008 per cent (tubes a to g), respectively, and in p w”” 
red broth without sulfanilamide as a control (tube h). The tubes weie mci^ 
bated at 37° C. The results are recorded in Table II. It rrinj’ 
this table that both strains of hemolytic streptococci were inhibited m 
presence of sulfanilamide. There wei’e. however, quantitative diffeiences 
be observed. Strain No. 1373 failed to grow ont in phenol red broth 
ing 0.8 per cent snlfanilamide ; smaller amounts (0.08 per cent and 
found ineffective, even after only eight hours' incubation at 37 C- ” 
other hand, strain No. 2521 was markedly inhibited in the piesenc 
0.000008 per cent sulfanilamide after eight hours’ incubation; at this tini , 


Table II „ 

- TT nTYTlC STKEPTO 

B.icteriostatic Action of Various .Ajiounts of Sulfanilamide Upon Hemo 

COCCI IN Phenol Hep Broth 


CONCr.NTK.ITION OF SULFANILAMIDE 


STKAIN' 

xo. 

0.8% 

0.08% 

0.008%, 

0.0008% 

0.00008%, 

0.000008% 


a b 

a b 

a b 

a b 

a b 

a b 

1373 

2521 

- 

- * ± 


H-H- -H-H- 

- 44-{.f 

4444 -H-H 

4444 -H44 
-4 44 i'4~ ‘ 



— = Xo f?rowtli 


+ to -H-H- = Various dc^^rees of RTowth ami acid formation after, 
(b) fort>'-cig:ht houis at 3i®C. 


(a) 
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phenol red biofh coiifiol siio;\ed jnofiise gio-wtli Aftci foitj eiglit horns’ 
inenbation at 37° C , ho\\e\ei, giowth oceiuied iii phenol led biotli containing 
up to OOOS pel cent snUanilamidc Siibstantiallj the same i exults i\eie ob 
tamed m se\eial e\peiiments It is important to emphasize in this connection 
that complete inhibition ot gio\\th of ecitain stiains of hemolytic stieptococei 
in the piesence of 0 8 pel cent sulfnnilniiiidc cannot acconiit foi the effectne 
ness of this ding in the tieatment oi sticptococcal infections, since such con 
centrations aie not obtained in tieatod patients 

In oidei to deteimme ^\hothel sulfanilamide dola^s oi completely inhibits 
the giontli of hemolytic stieptococei, ■\niious stiains ^^ele incubated in 08 
pel cent sulfanilamide phenol led biolh ioi a penod of thice necks These 
experiments lexealed that nitli some stiains no gionth occniiod nithin this 
period of incubation, altlioiigh the contiols shoned piofnse gionth aftei eight 
to eighteen horns 

SUXIMARX 

1 The baetei jostatic action of suJfaiiilaniide touaid hemoly tic stiepto 
COCCI is cleaily demonstiable in a cultnie inedium containing 1 pei cent de\ 
hose and maltose, lespcctnely , 1 pei cent soluble stauli phenol led bioth 
base, and sulfanilamide 

2 Employing this cultnie medium it nas found that 

(a) Sulfanilamide is bnetciiosfatic (ouaid \aiJons stiains of fibimo 
lytic hemolytic stieptococei, but not oi only slightly, ton aid 
hemolytic entciococci isolated fiom man 

(b) Sulfanilamide in a eonceutiation of 0 8 pel cent may contimiously 
inhibit the grontli of susceptible stiains nhile smnllei coiieeiitra 
tions may letard then gionth 

(c) The lesiilt as to the sulfanilamide susceptibility of hemohtic stiep 
toeocci in the desciibed oidei of c\peiiment may bo obtained aftei 
eight to tnent^ font hoiiis 
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A SmPLE INEXPENSIVE TURBIDBIETER^ 


Gekal!) K. Ashb-y, Eyaksyible, Ikd. 


S INCE a casual siirvey of tlie literature offered no description of a simple. 

inexpensive turbidimeter, it is thought that this note may he riseful to 
other investigators. The apparatus deseribed here is quite nsefni for rapiA 
approximate comparisons of turbidities, espeeiall.v for bacteriologic rvork. It^ 
value has been proved by n.se in standardization of bacterial spoi'e snspnisious. 
prepared under like conditions and employed in disinfection studies.^ 

Smith- describes a tnrbidimetrie method somewhat similar in principle to tlic 
one described here. Howevei-, the Nessler tubes used in his apparatus avow- 
suitable for extensive bacteriologic work because of their expense, compflr« 
to that of test tubes, and their inability to withstand beat sterilization. Oil® 
turbidimelric methods described use either the naore elaborate Tyndall cfet 
or photoelectric cells. Tliese methods require more expensive equipment, but arc 
better adapted for more aceurate wmrk. 

Although only oorrngated cardboard has been used by the writer, 
turbidimeter nmy ire constructed of rvood or metal if a more durable apparatus is 
desired. It hardly requires mentioning that the use of corrugated 
enables one to make this turbidimeter in a short time without the ai u 
mechanic or tools other than a ruler and a sharp knife. 

Pig. 1 shores the corrugated cardboard body, A, in light outline; a ^ 
rack, B, and light source, C, in heavy- outline. Behind the test tube, 
in place, is a screen, P, which is made from a f nil-sized sheet (S.b by E 
of medium rveiglit tj-ping paper, on which is ruled in ink a scries 
lines of various weights or widths. The lines are best made with a in'Uc 
and India ink. However, a fountain pen and ordinary black ink w'ill 
pui’pose. The .screen is seeurel.v fixed to the hack of the test tube rae ‘ ^ 
gummed paper. To simplify construction, the test tube rack, also 
comigatod cardboard, is made separately from the body, slipped 
in the top of the body-, and then permanently fastened in 
paper. 

A longitudinal slot, extt in the top of the bod.v, that .inst bis 
adds to the accuracy of the apparatus, as it allows partial regulation 
intensity so that it is possible to detemine which of two ttibcs is 
tinguish a selected ruled line. If no provision is made for varying 
of the light source, the apparatus is limited to a range of ^ 
which may be seen the ruled lines on the screen. But, if bulbs o 

•From the Bacteriological I. 4 it) 0 Tatory, XleaU Jolm.'ori ar»l Co., Erany'IHo- 
RecGh’Cfl for pubiicatioti. Jnne IB, 1938. 


place with 

the light sockd 
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^\attages oi a ihcostat iii sciics \Mt1i a bulb aic used, the appaiatus becomes 
adaptable to a range of tui])iditics 'aiMiig fiom almost eleai to liaidlj 
translucent 

The dimensions gnen in Pig 1 m^^ be \aiicd to accommodate the ruled 
screen and the test tubes used 



Turbidity “standaids'* ina} be piepaicd fiom fullei s eaitli and distilled 
■'vatei, the propoitions depending on the tjpc of Moih to be done and the ^\ eight 
of lines used on the scicen The niitci used one giam of fuIlci s eaith to one 
htei of distilled Matei, allo^\ed the hca\ici particles to settle foi fifteen minutes 
piepaied subdilutions fioin the icsulting suspension bj mixing 2, 4, 6, 8, 
and 10 c c of suspension Mitli 8, G, 4, 2, and 0 c c of distilled ^\atci, lespcctuelj 
The prepared standards are sealed A\itli lubbci stoppcis and can be kept in 
definitely, if one is caieful to shake tiiem uell hefoie eacli deteimination 
A more simple utilization of this same piinciple maj he leilized bj meiely 
suspending the ruled seieen betA\een the light source and the test tubes But, 
nndei these conditions, the glaie aiound the edges of tlio scieen is an mteifeiing 
fief or and onlj fair lesults inaj be obtained 
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SULPOCYANATB AS A TREATMENT EOR MANGE ON DOGS i\XD 
OTHER LABORATORY ANIMALS^ 


Eiijiktt B. Cakmighaki., M.S., Pu.D., University, Ala. 


ppOR the past three years, Ave have been using a teelmical preparation o: 

lanryl sulfoeyanate, “Loro,’'f as a treatment for mange on laboratoiy ani 
mats. The Loro” contains about 50 per cent of active ingredients anil in: 
emulsifying and vetting agent Avhich allows one to use it in aqueous solntion 
Since the substance was so effective in curing the mange on guinea pigs,’ node 
cided to experiment Avith it on dogs and other laboratoiy animals. 

A 5 jier cent aqueous solution is applied by means of a clean rag or sponge 
AA'liile the dog is standing in a large pan. It is better to Avash the dog before the 
ticatinent, but it is not absolutely necessary. It is not essential to appl.v the solu- 
tion to the AA'hole surface of the animal if there arc only a fcAV small spots that 
huA’c been affected by the itch mites. HoAveA'er, if the affected spots arc numerous 
and generally scattered OA’er the body, it is Avell to Avet the Avhole animal with the 
solution. Since the dog can and does lick a great part of its body, it is rvcll to 
hold the dog for about thirW minutes after the treatment, or use a muzzle which 
A\ ill preA’ent him from licking off the actiA-e substance. If the mange is of Ion? 
standing and there are open sores or ulcers, it may take tAvo or more treatments, 
but usually tAvo are sufficient. "We liaAm treated dogs that had lost practically all 
of their hair and apparently had their AA'liole body surfaces affected by the itch 
mites. In all such cases, Ave liaA'e been able to clear up the condition. If fw 
more treatments are to be used, they should be given about a Ai^eek to ten da.AS 
apart. 

This treatment has been giA’cn to dogs that haA'6 liA'cd in tw'o localih*^^' 
Birniingham and UniA'Crsity. The dogs from the latter city Avere pets and wen 
treated by their OAAUiers aa’Iio haA’e reported in CA’cry case that the hare, thichcnfil. 
and inflamed areas Avere cleared up, and that hair began to groAV AA'itliin a short 
time. 

A fcAv cats and rats liaA’e been treated for mange Avith the “Loro” an^ 
too have been cured. It is much easier to use on rats than to foUow the trenlmcn 
for scabies Avhieh Avas suggested by Grecnman and Buhring- U ‘‘In 
badly infested ears it is more expeditious and quite as effective to trim off e 
affected edges. ’ ’ 
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A NE^Y INSTRUMENT FOR TESTING CONDITION OF MYOCARDIUM 
AT AUTOPSY (MYOCARDIOMETER) 


Dwid B Fishbick, MD, Phiudelphu, P\ 


IN A iccent aitide,' I biicih dcsciibed eaiU e\pLriments «ith a new instru 
I nieiit foi testing condition of m^oca^dIHln at autopb^, with Cbptcial lefciencc 
to degree of mjotaidial degciieiatioii Tins icpoit is picscntcd boc.uise tlic 
insttumciit has been modified so that the readings aie moie accui.itcl3 and more 
casilj asceitaiiicd and the Miiious dcgiecs of degeneiation aic piesciitcd with 
cases listed iindci chief catibo of death 

Dcatli due to injocaiditis oi tine inflainination is compaiatirelj iiifteiiuent, 
whereas 1113 oeai dobis 01 ni3ocaidial degeneiation is ionnd in most lieaits of 
cases coming to autops3 In deaths not due to caidiae causes the heart ma3 be 
only slightl3 dcgciiciatcd In deaths due to lieait ooiiditioii, thes 11103 be c\ 
plained on a physical basis of intimsie mechanical defect, congenital 01 ac 
quired, such as maiKcd \alnilai stenosis, legiugitation, congenital anomalies, 
etc, or because of the poor piopulsire powei of tlie hcait due to maiked soften 
ing and degeneiation of the myoeaidiiim itself Iloait faihuc may ocoui with 
or without lesions of the raUcs There is (I) light sided, ( 2 ) left sided, ( 3 ) 
total failuio The classical csample of light sided failuic is mitial stenosis 
Most of the cases icportcd hcie were cithei left rentiicnlai failure 01 total fail 
lire' Degeiieiatioiis 111 the inlet \entiiculai septum coiicsponded to dogoneia 
tioiis of the left 01 right scutiicular wall where there wcie no localized lesions 
due to coronary artei t disease 

The myocardial fiboi is a specialized cell, and is, therefore, subject to the 
usual degonciative changes fiom which cells suffci ' The aiiangcmont of the 
musculature of the heart walls is such as to control with the greatest complete 
ness the ptopulsioii of the blood * Degeneiation of the myocardium occurs in 
many acute infectious diseases, such as diphtheria, scarlet fever, and others, it 
may be the result of poisons, such as phosphorus, arsenic, chloroform, ether, 
alcohol , and it may be due to anemia, primary or secondary Grossly , the heart 
may be dilated and the muscle is liKely to be soft, flabby, and pale The cut 
surface bulges, and is more friable than normal Practically riorcr in infancy, 
lately' befoie the twentieth year, and inci easing 111 frequency' as age adiances, 
the myocardium may show liistologically numerous transrerse fractures of the 
muscle fibers It is usually stated that segmentation occurs in the line of the 
intercalated disks, and tliat a slightly difteient condition called fragmentation 
shows fiaetines of the fibers hetween and not necessarily inrolring the disks “ 
lu segmentation the muscle fillers hare separated at the cement line In frag 
mentation the fiactiuc has been acioss the fiber itself, and perhaps at tlie Icrel 
of the nucleus ' Hearts the seat of marked fragmentation are lax, easily torn, 
the muscle fibcis widely separated In adraiiced cases of paiendiyiiiatoiis de 
ecnciat ion of the heait, it is rery soft and friable Softness means lessened 

neceivrl for mibllcotlon June ao ls3fl 
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““ r “™ “tjr "r 

5-tiaight pressure." Thevpfm-a +t tigers to make Jioles in it i' 

“Cl friable it ivill be,. uibirT-^f iJto 

myocardium, the less tlm W tke more degenerated fl,c 

,„11 be. The L ZeZ:r, A”"'' “c- 

■cqPU-ed to perforate it, and ,L hi^he, t .e"* 

° be- Marked localized 



f5Lj.„„- , , test on I,eart muscle. 

nbiosis ivould iuterfere wit), thn 

tiou. Large areas of localLcrl of this test for myocardial degcncia- 

ease. Therefore, to perform t] t usuallj' due to coronaiy artery dis- 

dar septiun has been chosen b heart, tJie center of the interrentricu- 

due to coi’onarv disease ^ least Jikelj' to siiow local changes 

methods of examinino- designed to replace oar previo® 

the degree of myocardial de'^''^ but to add to our conception of 

a heart shows myocardial d longer is it .sufficient to state that 

tion may but slightly liavc ’ because a slight mj'oeardial degencra- 

myocardial degeneration mn t function during life, ivhercas a marked 

extent. This instrument can ] ^^^ered the cardiac function to a greater 
amination of the heart to t \ autopsy in the grois o’c- 

need not necessarilr waif n - myocardial degeneration; so that one 

led in order to determine t/' ^7 more before histologic sections can hc.sliid- 
PoMed, the hi.stoloRie exam’*^ of degeneration. In most of the cases rc- 

bndings of the myoeardiometer cardiac muscle confirmed the irross 
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Fatty degeneration arises from the same causes as, and is probably merely 
a later stage of, granular dcgencraliou.® In cases of fatty degeneration of the 
heart, friability reaches an extreme degree, the uall being easily pinched through. 
In fatty iiifiltiation of the heart, the affeeted muscle may be soft and friable 
but not to the degree of degeneration. 



Tig 2 —After test Note reading m grnms pressure 


The most marked degouorativo changes in the heart muscle occur in ne- 
tiosis Necrosis of muscle fibers in the myocardium may occur from cutting 
oS the blood supply completely by embolism or thrombosis followed by urfarc- 
twii, or partially as the result of narrowing oi the liimina of arteries by throm- 
tjosis, or in consequence of arteriosclerosis It may also follow the effect of 
diffusible toxins (toxic mj'ocarditis) or result from the immediate presence of 
infectious agents (infectious myocarditis) . In necrosis of the myocardium, there 
IS a lateial swelling and rupture of the fibers histologieally.” 

The lowest readings with tlie instrument (meaning the most marked de 
Sencratire changes) occurred in those cases that showed necrosis of the heart 
nuisclc histologically. Post-mortem clranges play but a negligible part in the 
mart nuiscle from tire standpoint of consistency. Examination of a heart re- 
iiored from the body four hours after death, and examination again eight hours 
“fter death, showed exactly the same myocardiometer reading of 700 gm. Twelve 
lours after death, in a case of hypertensive heart disease with heart failure, the 
oiaperature of the myocardium was 86° F., and the myocardiometer reading 
''as SOO gm Thirteen hours after death the temperature of the mvoeardirim was 

790 p j 

^ j find the myocardiometer reading was 800 gm. Fourteen hours after 
the temperature of the myocardium Avas 75° F., and the myocardiometer 
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reading slightlj'^ above 800 gm. Even a variation of 50 gm. is of very slight sig- 
nificance, since there is a vide range of readings to indicate moderate degenera- 
tion, marked degeneration, etc. Autopsies done thirtj'-six to forty-eight Iiouk 
after deatli gave liic usual niyocardioinetcr readings, depending on the degree 
of degeneration. 

The instiTunent is made of brass, iieavily chrome plated and rust proof 
There are two brass cjdinders, one telescoping vithin tlie other. Inside is a 
brass spring, 1/16 inch gauge, tempered to a fixed hardness. At the distal end 
is a phinger, 6.25 by 0.5 mm. vide, over 3 cm. long, divided into centimeters 
The sprace from 1 to 2 cm. is subdivided into millimeters, so that the thickness of 
the interventricular septum can be measured betveen these two readings. In- 
side of the brass cylinders is a brass graduated rod that projects from the prox- 
imal end of the instrument. The end of this rod rests against an indicator point- 
ing to 0. During the test, when the prlunger is inserted into the heart muscle 
(interventrieular septum), the spring vitliin the tubes becomes compressed, and 
the graduated rod is pushed outward pushing the indicator ahead of it. After 
tile pjlunger has pierced completely the cardiac muscle, the spring recoils, tie 
rod drops back, but the indicator remains in position, having a tiny spring on 
one side to keep it in position. The indicator sliovs the number of grams re- 
quired to perforate that cardiac area. The readings are from 0 to 2000 gm., 
being subdivided uito lninclred.s of gram.s, e.g., 0, 200, 300, 400, 500, etc. 


TECHNIQUE OF TEST 


1. The endocardium is scraped away from both sides of interventrieu m 
septum of heart, exposing the myocardium. If the septum is thicker than nor 
mal, the muscle is cut awaj' until it is 12-15 mm. tliick. A difference of severa 
millimeters thickne.ss of muscle alters the reading but slightly. 

2. Holding the heart in the left hand and the instrument in the right hao i 
the plunger is pushed slowlj' through the center of interventricular septum. 

3. When the plunger perforates the heart, the spring recoils, leaving m 
dicator in position. 

Reading is made in grams i>ressure required to perforate myocardium. 

The more degenerated the heart muscle, the softer and more friable it > 
and the lower the reading wall be. ^ 

It is suggested that the degrees of degeneration be graded from grades 


Normal hearts (aceijeut cases, etc.) 
Slight degeneration 
Moderate degeneration 
Marked degeneration 
Very marked degeneration 


Gm. 
1800 
1300-1800 
900-1300 
000- 900 
Below 000 


Grade 1 
Grade 2 
Grade 3 
Grade i 


Headings of 1300 are considered as moderate degeneration. 

Readings o£ 900 are considered os marked degeneration. 

IWien the reading is 900 or below, congestive heart failure has 
place, and in the absence of marked changes in the other vital organs, i 
sidered to he a cardiac death due to advanced myocardial degeneration- 


IlSHllACK I!\bH!UMES1 1 OK H SI INfi M\OC \IiWUM M \Ulors'V Gbl 

A total of 145 cases is iiieseiitccl, 78 males and 67 females 
Glade 3 and gtadc 4 mjoeaidi.il defend .it ion is seecie enougii to ha\e 
cMsed dcatli, in the light ot mu picseiit Knon ledge Gi.ado 2 nnocaidial de 
generation mae lia\c been a c.udiac tleith, it tlieie neic m.uKed local degeneia 
tne clianges due to coroa.ui aiteii dise.ise, oi if theie neie iiitiiiisie mechanical 
defects, such as iiiaiKed stenosis, congenital anomalies, etc 

Of the 145 cases, the lienits showed the following degiecs of dcgcneintion 5 
normal, 31 slight degeneiation, 5S modentc dcgonciation 3S niaiKed degeneia 
tion .Slid 13 sen inaiKcd degeneiation 

Jhocnrdiomctcr (fTriiM** prc«surc) 

AorwrtI Hearts 

fricturo ISOO ISOO 1600 Splopn rupfurc lOOO Bnin tumor IbOli 
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BpHifjn Jc^pertonoion lni (*rt( ( lirom gJonionihr 

IDOO 1300 3000 3350 SOO 1450 700 1100 800 700 1000 

JcMf^ VheuMatic /7rrtr/ Di <« c 
900 1150 roo 

Coronary nijowi?»<» if 

"00 900 1100 1100 l2oO 1200 SOO §00 

JJactcriat Fn^ocartlih^ 
l^OO 700 n^o 

Vt/oc<tr<lo?i« (<luQ to toMc f'lctorx m clie-t 'ibOomen bnin etc ) 

1600 SOO SOO 000 1100 1300 1700 1000 1500 tlOO 14j(l 150(1 

1000 SOO roo SOO isoo coo roo (oo mn tooo 3450 000 

Itoo 750 800 000 t(j00 1000 1150 700 000 3100 l^OO J’nO 

3000 600 800 IjOO 1300 800 Gas Mtiliiis pepticemis 400 450 

Carctno/na 

Breast IfOO 1300 900 Honi! of p inoreis 1100 32^0 3100 

Uterus 5500 1100 1200 Uniji I'^OO 900 

^roshtc 1300 loOO 1100 COO 800 Lnor (p^Jm^^^) %0 

Uwnarj bladder 1300 Stonncli 700 900 3500 34of) 1100 1100 1300 

Testicle 3300 Lnrge intestines 3500 1500 1050 3450 

Sfljconjrt 

Bone 1''00 1500 Ljnipbo'Jnrcouin 1200 

Lohar FneuwoMa 

^500 150(7 iiQQ J2QQ jgQQ ^j(tQ 2300 2250 loOO ISOO 1000 

Zironchopnevmonta 

700 COO 700 000 900 1100 1100 1100 3200 1300 3200 OOO 900 900 900 1300 31o0 1100 1200 

Pulmonanj TuVerculo:>i'i 
iSOO 1400 3700 3500 

Jeute 2{ytlof/tnous Lcuccmta Iffrannlocyfic Jnpxnn 

050 

'5o summaiizc it, lnycitcnsi\e hcait disease shoHDtl giadc 1, S eases, giade 
2> 4 cases, grade 3, 4 cases Acute ihcumatic heait dise.ise showed gi.idc 2, 2 
cases, grade 3, 1 ease Coionaij tliionibosis showed giade 2, 4 cases, giade 3, 
Seises Subacute bacteii.il cndocaiditis showed gi.ide 1, 1 c.ise, gi.ide 2 1 case, 
grade 3, 1 case C.iieinoiua showed giado 1, 10 cases, giade 2, 16 cases, giade 
3, 6 cases, giade 4. 1 case, this last case sliowiiig evfcnsiie suppm<ition within 
the stomach malignancj Lohai piieumoam showed giade 1, 4 cases, giade 2 8 
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cases. It is interesting to note here that not a single ease of tlie 12 lobar pneu- 
monias showed marked or very marked myocardial degeneration. Broncio- 
pneumonia presented a different picture, grade 2, 10 eases ; grade 3, 8 case-i; 
grade 4, 1 case. Pulmonary tuberculosis showed grade 1, 4 cases. 


SUMMARY 

A new instrument has been devised to test condition of heart grossly at 
autopsy, thus aiding in a more accurate way our conception of the degree of 
degeneration of the heart muscle. 

Histologic examination of sections of heart from the site of test corrol)oratc(l 
the gross findings as to degree of myocardial degeneration. 

One hundred and forty-five cases were studied at autop.sy, T8 males and 
67 females. 

A much greater series of cases must be studied in order to ascertain tlic 
degree of degcnei’ation in various types of diseases. 

It is suggested that slight myocardial degeneration he called grade 1 de- 
generation; moderate, grade 2; marked, grade 3; very marked degeneration, 
grade 4. Grades 3 and 4 myocardial degeneration can he assumed to be eases of 
primary cardiac death in the absence of marked pathology in the other lital 
organs (lung, brain, etc.). 

Average heart readings showed less myocardial degeneration in lobar 
pneumonia than in bronchopneumonia. This applied to the eases of Imonclw 
pneumonia which preceded cardiac failure and were not terminal hronchopneii 
monias on a pre-existing pulmonary congestion and edema. 

Average heart readings showed slight or very slight degeneration in p« 
monary tuberculosis. 

The lowest myocardiometer readings, with the most marked degiee o 


generalized myocardial degeneration with necrosis of heart muscle, weic 


found 


in two cases of gas bacillus septicemia {B. neroc/cves capsulatus or B. tBclci 
infection) . 
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MONONTJCIiEOSIS, Infectious, raise Positive Wassermann Reaction m, Bernstein, A Am 
J IT Sc 19G 79, I93S 

Transitorily positive ®erologic te«ts for syTihilis were encountered in 6 out of 37 ca^cs 
of infectious mononucleo<5is During tlie ncute ^tage of tlic di'^easo the a‘’serniann test, the 
Eagle test, or both reactions, became po<?itivc to high titers, but spontaneously reierted 
rapidly to negatiie Those positive tests arc independent of the presence of ^iheep cell 
antibodies in the patient’s scrum and indicate, as does the octaeional occurrence of mi^cel 
laneous bacterial antibodies, the versatility of antibody respon‘*Gs in infectious mononucleosis 
In any instance of apparent purpura hemorrhagica vvath a false positive Wassermann reaction, 
a Paul Bunnell teat should be performed m order to establish the possible diagnosis of the 
thrombocytopenic variety of infectious mononucleosis Reasons are stated for suspecting 
that the causative agent of infectious mononucleosis may be a protozoon 

BLOOD New and Simple Method for Detection of, by Heating, Moody, A M , Proescher, 
r, and Carr, J L Arch Path 26 501, 1938 

Study of the physical changes which occur when blood and a few other organic sub 
stances arc heated to high temperatures has demonstrated that dried blood melts at from 
500* to 515* F (200* to 2GS* C ), and that blood after further heating above 700* F 
assumes a specific structure This structure is easily identified in quantities as small as 1 
®Si even when the blood has been mi\ed with inorganic or other organic substances The 
physical changes are specific, not only for blood, but also for the degree of heat used 

SPUTUM Quantitative Method for Estimating the Number of Tubercle Bacilli in Jordan, 
B P Am Rev Tuberc 38 241, 1938 

The sediment from the centrifuge tube in which the mixture of sputum and 4 per cent 
sodium hydroxide had been spun for thirty minutes at high speed is washed with sodium 
chloride solution into a small test tube, which lias a volume of 1 5 c c indicated by a file mark 
The centrifuge tube is twice rinsed with a small amount of salt solution, and the rinsings 
are added to the sample The volume of the combined sediment and rinsings is then made 
“P to 1 5 c c by the addition of saline solution Three or four glass beads are added to the 
tube which 13 then stoppered and agitated in the shaking machine for thirty minutes (Others 
the laboratory have found that a liard shaking by hand for five minutes is equally satis 
factory ) The slides are marked, as Hughes suggests, with a diamond pencil line drawn 15 
from one end across a slide 1 inch wide After cleaning with acid alcohol, a loopful of 
sterile serum is spread over the area marked off The "erum dries almost immediately and 
as a fixative A measured amount of the digested concentrate is added, using a pipette 
graduated m hundredths of a cubic centimeter This is spread as evenly as possible over the 
layer of serum For the first count, four slides are made from each specimen with 0 02, 0 04, 
OOC, and 0 1 c c , respectively This is done in order to obtain a sbde in which there are 10 to 
2>> bacilli in each field Fixing and staining are earned out m the usual manner 

In examining the slides under the microscope, a preliminary inspection is made to ensure 
‘bat there m a fairly even distribution and that the slide is free from clumps of bacilli which 
in some specimens are especially troublesome Elastic tissue may enmesh an enormous number 
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of microorganisms and prevent an accurate count, and occasionally bacilli arc grouped as if 
agglutinated. Of the 38 concentrates examined, 3 were found to be uncountable for cue of 
the above reasons. 

If the slides were not obviously uneven, two groups each of ten fields rverc counted. T|ie 
computation of these results is very simple. The mean of ten fields is deteimined. If tke 
slide was made with 0.02 c.c., the mean is multiplied by 75; if 0.04 c.c. was used, 37.5 is the 
factor; if 0.00 c.c. was used, 25 is the factor; and for 0.1 c.c., 15, which gives the aumler 
of microorganisms per microscopical field in 1.5 c.c., is the volume of the concentrate. Tie 
number of microscopical fields in the area on the slides is determined, as in the Hughe* 
method, by establishing the diameter of the field in use with a hemocytometer and soWng 
the formula Vt rr D„ for the area of the microscopical field. The area of the slide which the 

3S1 

diluted concentrate is spread over is 25.4 mm. by 15 mm., or 381 sq. mm. Vi 3104C, the 

number of microscopical fields per slide. This must of course be determined for each micro- 
scope. For simplicity we have used 31,000, so our formula is: 

Mean x ;; : x 31,000 = Number of bacilli in sputum. 

Amount of material used on slide in c.c. 

Since the concentrate contained the tubercle bacilli from a seventy-two-hour sample, the result 
of the formula is in terms of the excretion for that period. It was not converted into twentj 
four-hour excretion because wo wished to use the Gaffky on these specimens for comparifoa. 


ENDOCABDITIS, Experimental Streptococcic, Kinsella, K. A., and Muether, K. 0. Arch. 

Path. 62: 247, 1938. 

Seventeen dogs were subjected to operation whereby the mitral valve or the 
tendinae were out. All those animals were then fed with living cultures of nonheniop't 
streptococci either mixed with food or by stomach tube. Ten of the animals became 
played positive results of blood culture, and died. At autopsy these infected animals Iw 
terial endocarditis. The bacteria in the vegetations were determined to be identica f 
those that had been fed to the animals. . ^ 

Streptococcic endocarditis can bo produced in dogs with injured cardiac valves bj » 
them streptococci. 

The fact is thus established that bacteria entering the animal body througli the^ 
may become implanted on an injured area within the body. The exact route w > 
bacteria follow is not determined. 


two different 

drugs in curing the disease in dogs, while failing to cure the disease in human bemg-i 


The reproduction of streptococcic endocarditis is complete. The success of ^ jojjsjiot 


obscure the identity of the e.xperimental disease. On the other hand, the difference 
of production of the experimental disease and in the mode of production of m 
human beings is emphasized. This difference bes in the fact that bacterial implan a 
after an injury produced by trauma in the one instance and as a result of disease i 

-1 I .A . j H- i- •_ f .^-1 cf 


and then to study the treatment after reinfection of the healed scars of previous 
This will be a tedious task. The most interesting by-product of the present s u J 
the demonstration of infection of traumatized valves by means of feeding strep ooo 
imal. This part of the work, repeated in different years, seems adequately aut ^ 5 ,jch 

of further interest that none of the microscopic appearances in the heart or e fever 

as to suggest a relation between the lesions observed in dogs and those of r leu 
which appear in human tissues. 

T -ir Vic 196: 

ANEMIA of Alcohol Addicts, Bianco, A., and Jolliffe, N. Am. J. ai. . • 

A quantitative study of the red blood cells in 184 cases of fo iiko'“’' 

ported. Of these subjects, 159 were “complicated” in that they had, in a stomS' 

addiction, one or more of the following diseases : polyneuritis, pellagra, a c 
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titjs, “alcoholic” ciiccplnlopitlij, or liver cirrhosis, 25 of tlie«c subjects A\ore “uncom 
plicnted” in tint thej liad none of the nbo\o Intcd dnenses or other recognized stigmis of 
chronic alcoholism 

Tn these subjects, quantitative anemia did not occur in tho “uncomplicated” group, but 
was present m 61 per cent of the ** complicated*’ group Ho^^e^c^, macrocj'tosis was present 
m about 50 per cent of both groups Macrocytic anemia in these alcohol addicts was not 
limited to subjects manifesting pellagra or cirrhosis of the liver, but occurred ns well and in 
about the s-xmo frequency, m subjects having pol^-ncuntis, “alcoholic” stomatitis and 
“alcoholic” enccphalopathj There nas also no correlation between the frequonej of macro 
c^tosls and achlorhjdna, so^entj of Incr damage, or the presence of an enlarged li^er In 
view of these findings the authors are inclined to regard the macrocjtosis of the alcohol addiet 
not as a manifestation of inabilitj on the part of the luer to store a hematopoietic principle 
but as an extrinsic defieiencj of some neeossaia hematopoietic substance required to maintain 
normocytosis 

E COLI, Ingestion of Eed Blood Cells by, and Its Significance in, Tyzzer, E E and Gei 
man, Q M Am J g 28 271, 1938 

The present studj was initiated bj a problem in diagnosis arising from a case of brief 
mtestmal obstruction which presented a discharge of blood streaked mucus m which were 
numerous endamoebae with ingested red blood cells 

A thorough atudj of the amoebae present, taking into account morphology of trophozoite 
and C)st, growth on culture media, and the results of animal inoculation, failed to furni«h anj 
endeacc of the presence of L lustolyUca, but showed conclusivelj that red blood cells were 
being ingested bj E coh On consideration of pathologic conditions other than amoebiasis 
to account for tho continued presence of blood in the stool, n papillomatous polj'p of tho sig 
mold Was located and removed 

The observations of Dobell in regard to the ability of T coh to ingest rod blood corpus 
cles m Mtro, find application m the occurrence, under certain circumstances, of red blood cells 
in tins species as it is passed from the human intestine 

The acceptance of the presence of amoebae with ingested red blood cells as sufficient, 
iMthout further morphologic studj, for a diagnosis of amoebic djsenterj maj be expected to 
lead to erroneous diagnosis involving not onlj failure to recognize conditions actuallj present 
but al«o the subjection of patients to costlv and unnocessarv treatment 

WHOOPING COUGH, Diagnosis of, Donald, A E Brit M J Sept 17, p G13, 1938 

An attempt has been made to assess the value of the various methods available for the 
diagnosis of whooping cough The inethod‘=i are 1 Specific tests (a) cough plate 
method, (b) complement fixation test*?, (c) intradermal tests, 2 Nonspecific tests (d) total 
and differential leucocyte count, 3 Brythiocytc sedimentation rate 

Specific TesU~(a) The cough plate method is the onlj means of certain diagnosis in 
the earliest stages of the disease In a senes of 136 cases at all stages, 100 per cent were 
found to give positive plates in the first week, 93 5 per cent m the second week, 94 8 per cent 
m the third week, and 44 per cent in the fourtli week, after which there is a rapid fall to 
per cent m tho fiftli week, and less than 1 per cent in subsequent weeks The value of the 
cougli plate m the diagnosis of atypical and abortive cases is stressed, and its value to public 
bealtli adnnmstrators is mentioned Emphasis is aBo laid on the negative cough plate as a 
criterion of the termination of infectivitj 

(b) The complement fixation test is shown to be of little value except as a means of 
corroboration of the diagnosis, and occasionally as an indication of immunity In a senes 
of 123 cases the reaction was found to become positive in 25 per cent during the third week 
of >llnes<,, and reached a maximum during the eighth week, when 89 per cent of the cases gave 
positive fixation reactions 

(c) The intradermal test, using a suspension of H periussis, is found to be valueless in 
O'agnosis or as a method of determining susceptibility or immunity 
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Books and Monographs for Kevicw should bo sent direct to the Editor, 
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Medical Applications of the Short Wave Currenf’ 

TN THIS book Biernian and Schuairsehild present a cleai, sane, and logical e\po'itim ot 
■t the fundamental aspects of short wave therapj and an cNcellent and coniprehcnsive di-eu- 
Sion of its clinical applications. 


Manual of Veterinary Bacteriology! 

'T’ HE third edition of tins excellent manual deseiies as coidial a reception as its pre(lece"or' 
•1 and takes their place as the standard icferenee text in this field. Lieut. Col. Kehsis 
book can be heartily lecomniended. 


The Synovial Membrane and the Synovial FluidJ 

TN THIS book, the authoi, formerly research fellow in the Hospital for Joint Diseases, 

■i York, presents the digested results of fifteen yeais’ lesearch on the structure of the synon ^ 
membrane, the origin and nature of the synoiinl fluid, and the composition of pat eW 
yomt effusions. jj 

Part I (Chapters I VII) is deioted to a discussion of the symovial membrane Re 
(Chapters VIII-XIV) discusses the synovial fluid; and Part III (Chapters XV-XY 
cusses clinical applications. 


xr V , Attenilu'i 

*Medical Applications of the Short Wave Curient. By William the 

Phjsical Therapist, Mt. Sinai Hospital. New’ York City. Including a 0 osp‘<!‘'' 

■ ~ ' ■ ■ By jUj-ron M. Schwarzschild. M.A., Physicist. Be“V„ore. 


and Technical Aspects. 

New Tork City. Cloth, 379 pages, 25 plates. 
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tllanual of Vetennai-j’ Bacteriolosy. By Ra^'mona A. Kelser, D V.M.. f 
Col Vet. Corps U. S Army, Chief, Veterinary DiMSion, Surgeon General 
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partment, Washington, D. C. ' Cloth,’ 040 pages, 93 illustrations, $C 00. 
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JThe Sj novial Membrane and the Synox’lal Fluid, With Special Eetc™” 
and Injuries of the Joints. By David H. KUng, M D . Assistant Professo Cioi 

Surges} and Chief of Arthritis Clinic, White Memorial Hospital, Angc.c . 
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CLINICAL AND EXPERIMENTAL 


THE BLOOD GLUTATHIONE IN HEMATOLOGIC DISEASES' 


E V Kandcl, Jr D ,t AND G V LeRoa JI D 
CnicvGO, Illinois 


'^IIE cllsco^el 3 cj steiiie tontaiinii" piotcjns aic neccssaij foi gio\\th 
^ T\as the basis foi some questionable icasonmg concerning glutathione It 
^vas assumed bj some woiKeis that since ojstenic diftered fiom othei amino 
acids eliieflj in the possession of a sulphjdijl gioiip (-SHj, then anj compound 
lia\nig this gioup should displaj similai piopeities In 1921 Sii F Gotland 
Hophnis demonshated that i educed glutathione uas lesponsible foi the aetj\e 
reducing pioperties that some tissues possessed Tlieie has been, since then, 
not onlj a great amount of speculation about the lole of glutathione , but also 
there has been sound scientific woilc Glutathione, glutaminjl cjstemjl 
aminoacetic acid, is piesent m all the tissues of the bodj Those tissues that 
are the most eellulai contain the gieatest amounts Vel^ little of the sub 
stance is present in blood plasma oi ni the extiacellulai fluids The compound 
exists m the bodj chiefly as lediiced glutathione (GSH) It leadilj pmt'^ with 
Its hjdrogen atom (fiom the sulphjdml ladical) and tuo molecules of GSH 
join to form ‘*quasi oxidized'' oi disulfide glutatliione (GSSG) Fuitlier 
axidatioii breaks up this compound, and the sulplndivl becomes successi^elj 
"SO, -SOs, -SO3, and -SO4 The oxidation leductiou system 2 GSH = GSSG 
+ 2H, is the leaction of the compound of gieatest interest to biological chemists 
In a recent study of biological oxidation L\man and Ban 011 ^ stated 

“It IS surprising to find that, although the role of glutathione as a respiratory catalyst 
put forward as soon as Hopkins discovered it 1C years ago, there is as yet no positive 
gn ence that glutathione functions as such 

*^om the Hematology Clinic Department of Medicine Uni\eisitj of Chicago 
TDouglas Smith Joundatlon Fellon 
UeceUed for publication August 13 1938 
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They furtlicv remarked that: 

‘ ‘ Glutathione and ascorbic acid seem to possess closely related properties ia fhe dim- 
ical activities of biological systems, maintaining graded levels of reduction intensity, neces- 
sary for the performance of certain biochemical processes. Both .substances are present in 
the living cell mostly in their reduced form, both are catalytically oxidized by copper, .nid 
glutathione, like ascorbic acid, is oxidized by atmo.spiheric o.xygen nitfi hemin and lierao- 
ebroraogens as catalysts. ” 


111 this cojmeetioD, Hopkins and Morgan" Jiax'e demon.strated tJiat gliitalliimic 
ean prevent tlie oxidation of reduced ascorbic acid by the liexoxidase of 
Szent-Gyorgyi until all the glutathione present i.s oxidized. Fiirtlierffloie, 
oxidized ascorbic acid is slowly reduced bj' reduced glntathioiie. In tk 
presence of this liexoxidase, the reduction occurs five times as rapidly. Simi- 
larly, reduced glutathione protects ascorbic acid from oxidation by copper 
catalysis. 

Two other observations on the chemical action of glutathione may be 
mentioned, although they have not been interpreted yet. Tait and hnig 
noted that reduced glutathione increased the rate of oxidation of leeitliin ami 
other fatty .sukstances. 31eldrum and Tarr'* demonstrated that oxidizfd 
glutathione (GSSG) i.s reduced anaerobically by the lYarbtirg-Christian eu- 
zyme-coenzyme system in the presence of hexo.semonopho.sphorie acid. 

Contrary to tlie opinion of Lyman and Barron, Ilandovsky" presented evs 
deuce to indicate that glutathione aet.s a-s an emergency auxiliary respiiatori 
ferment whenever the oxygen supply to a cell becomes either relativel.' or 
absolutely inadequate. His reason for so thinking was that he ohseiied m 
erea.sed amounts of Q8II in ti.ssues poisoned witli hydrocyanic acid, or expeso* 
to a decreased oxygen tension. This idea, ineidentall.v. tended to support 
work of Gabhe® who found that in experimental anemia the glutathione 


quotient- ' lEAg Tim oeenma tvlteu the 

(K.B.C. in niilnons) 

were bled rapidly, or poisoned with phenylhydrazine ; and also when the} " 
kept in an environment with a reduced oxygen content. 

Of more interest in relation to the hypothe.si.s to he described 
are two directly contradictoiw studies. Bnmin and AppeT reported 1 
dueed glutathione reversibly and .specifically inhibited tbe Pasteui le^^ 
in tls.sue. (The Pasteur reaction is the inhibition of 
respiration, i.e., in the presence of adequate oxygen the eonrer.sicm 
to lactic acid does not occur.) Their data showed that glutathione 
effect on respiration or on anaerobic glycoly.sis of tumor tissue, 
increased the aerobic glyvolysis to the anaerobic level. If such a eo 
could be verified, it would suggest that glutathione might seiie 
the Pa.steiU’-Mei'erhof c.vcle in muscle. Tlien if increased amoinds 
thione could be demonstrated in tumor tissue, this action might e.'p 
break in the Pasteur reaction which oeenrs in tumors. 
repeated the study and reported that reduced glutathione had no r 
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effect on the aeiobic j^hcoljsis of tnmoi, biaiu, testis, ami embi;>o tissue She 
concluded that GSII noithei pai tieipates Jii iioi aftects the Pastern iencUo2i 
The faiilfj syllogism uhieh yielded tlie concept that the -SlI ladical 
influenced "roiith, ga\e use to anotliei eqiialli questionable idea This lias, 
that since cancel is an oieiabundant ?iouth of tissue, it niai be due to a 
local nccumulatioii of grlutathioiie AUlioujrh theie is consideiable -laiiation 
in the analyses of neoplasms foi 'rhitathioue the luajout^ of woihcis haAc 
not found a significant excess As a inattci of fact, eAcn if such a icsiilt Aveie 
ahi ai s found, the lemaik of Ilucpei*' m his extellent suixca of the sifrnifioaiice 
of sulplndi.il as a jriowth factoi uoiild be peitnient He pointed out that 

‘^Thc mere fact tint i certain sub^tanco is actuniuHtid m prohfenfsng tis'^uc? i<«, 
moreover, insuffieient proof of its relation to cell multiplication ” 

The exponents in AniciiCii of tlie tlieou tli.it <;io\itli — in p.iitiinlai iiialiR 
iiaiit giontfi — IS someiion lelated to the snipindnl iadit<il li.ne been Ilain 
inett and Rennami In geneial this theoii aigues that s.nlph,idiil as the 
substance ocetuung natuiallj' in the celt, is the unnersal and essential stimulus 
to growth The leaotiou pioduet dernafiies of .tie the initma! iiihibitois 
of this piooess, so that the stunulatioii hi .SII is noimalh Inmtecl bs the 
nilnbitorj action of the subo\idi7Cd snlfiii foinis of SII These aie -SOj 
-SOj -SO3, jesiiUiiig {tom the notnial o’cidatioii of siilphidnl Cell pio 
hferation IS, thcrefoie legulated b\ the mtiaielhilai eqiiilibnum -SH SO, 
Other mitosis stimulating agents aic said to woilc thiough snlphjdnl E\ 
penments of otheis that failed to denionstiate a distuibaiiee of this equilibrium, 
and leeent genetic studies base led to a slight eh.uige 111 Hammett ’s’“ siens 
iiameh, that tlie potentiahtj foi maligiiaiicj lies in an lieieclitan cleteimina 
tioii of lines of cells hat mg (as in the cnibno) a heightened sensitititt to 
siilphtdnl Receiitlt, expeiiments with c<iicmog:enJC Indiotuibons and pain, 
diioeiesol (which contains the -SH gioup) haxe suggested to Reunann and 
Halpi sulphjdiil niUA exeit a piotectne action against caicmogenesis 
this dilemma a\iU be resoUed is not let clear 
H lias ine\itable that such a theoi^ of cancel ation would be examined 
ehinealh Nothing will be gained b\ icMewmg all of the papeis beanng on 
piobleia , but two studies should be mentioned Both of these weie pei 
housed on blood because it is leadih available and in the hope that changes 
d would accurately reflect aaiiatioiis m the composition of tissues with 
^^^Peet to glutathione Jlany anahses foi gJutathioiie ha^e been made in the 
jjlood of patients with cancels In general the content has been low and this 
been attiibuted to an absoiption oi a fixation of glutathione bA the ma 
i’gnant tissues SchoonoAei^- exainmed the blood of untieated and tieated 
cancer patients and also noimal subjects The aieiage leduced glutathione 
'aUie foi the diseased gioup was not significaiith diffeient than the noimal 
^oatrois (This coincides with oui expeiieiice in the case of blood dAseiasias ) 
then estimated the latio GSSG GSH m the blood plasma in the entliio 
and ui the Aihole blood In the patients with cancel, tieated oi not, 
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this ratio deviated from the normal. IIow significant this deviation was, is 
not stated. The plasma and tlie erythrocyte GSSGiGSH ratios we tlieu 
divided into each other, giving even larger (numerically) discrepancies be- 
tween the normal and the cancerous subjects. The significance of these 
observations is not clear, but it is worth recalling that Gabbe^^ showed that 
the glutathione quotient (GSII/R.B.C.) usuallj' increased when the erythrocyte 
count was low. How much influence the common anemia of cancer patients 
had on the ratios is not apparent. 

Parker and Kraeke,^'* in the course of an experimental study of agrannlo- 
cy tosis, took up the toi'eh for glutathione as the principal growth-stimulating 
factoi. Their rabbits poisoned wdth benzol had decreased amounts of gluta- 
thione in the bone marrow and the blood. This was taken to indicate that 
the decreased cellularity of the blood and the marrow was due to a depletion 
by benzol of the normal aeecleralion factor for cell division, “which appears 
to be reduced glutathione." In a series of 14 patients with varied hematologic 
disorders they observed changes in the glntathione content of the blood, hi 3 
of the 4 instances of myeloid leueemia the reduced glutathione quotient 
(GSH/R.B.C.) ivas increased, while the absolute amount per 100 c.c. was de- 
creased. In their conelnsion they .stated; “glutathione . . . showed amarhed 
increase in those cases characterized by pathologic leukocytic stiniulafioi'i 
a marked decrease in those showing bone marrow aplasia, and with no change 
in those .showing physiologic leukoej'tosis.” They said further: “It is sug- 
gested that the reduced form of glutathione pla.y.s an important role in regu- 
lating normal bone niarroiv activity, and that depletion of this substance in 
the blood stream or bone marrow may lead to various leukopenic states. 
Their conclusions and interpretations are open to serious questioniug on two 
scores. First, it does not seem pi-oper to draw' conclusions regarding granu- 
lopoiesis from the ratio GSII/R.B.C. This ratio, in fact, denies the significance 
of Avhat glutathione may be present in leucocytes. Second, such conclusions 
accept the convictions of Hammett, Reimann and others, without any proof 
and make these convictions a basis for far-reaching deductions. 

Respecting the reduced glutathione quotient, Gabbe showed that it was 
readily increased within two hours simply- through producing an anemia bl 
bleeding. Such a variable ratio seems to us to be a shaky' foundation for a 
theory of pathogenesis. Sloreover, other ivorkers, as Pickard and Slarsdeii, 
concluded from their studies that: “there rvas no quantitative relation lio- 
t-ween the hemoglobin and the glutathione of the blood. Although the ghka' 
tliione of the blood is a part of the contents of the erytlu-ocytes its quantdl^ 


does not follow vai-iations in either the ceil count or the cell volume. • • ■ 
Sentnriar« who studied arthritics and found no siguifieant alteration of i « 
blood glutathione decided that; “In my opinion . . . none of these forms o 
expression (GSH:R.B.C. ratios and the like) contributed added infoiniafm 
beyond the figures given for whole blood." PlatF* examined, 
specimens, the blood from a patient with chronic my'eloid leueemia, an 
blood from one with chronic ly'mphoid leueemia. He separated the le 
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Table IA 
(After Phtt) 


Jt\FIOID LYMPHOID 

LEUCEHIA LEUCEMIA 


J,‘)00,()00 

570,000 

S2 5 

Lry tJirocvtes 

Lcucocvteg 

Glutstliione whole blood — mg per cent 

1,700 000 
200,000 

19 G 

50 

Glutstliione m 100 cc 

plvsma — mg 

GO 

72 0 

Glutstliione in 100 c c 

of cr\throcjtcs — mg 

71 0 

151 0 

Glutstliione in 100 cc 

leucocvtcs — mg 

07 0 


T\ble IB 

^AruTIO^'5 OF THE Reduced GruTmiiOM o^ thf Biood \\hich Occuk ^^hen Shed Biood 
I s LFT STWD 



FED OSII 

CONTROL 

TOTVr CSIl 

iir PER CFST 

FEU < S!I 

\FTEr - HOI 1 s 

TOT\L OSH 

SIC PEr CENT 

1 

-.10 

42 0 

2j I 

40 5 

2 

33 7 

44 7 

oOS 

40 7 

3 

30 7 

39 9 

24 5 

3S0 

4 

40 0 

48 5 

3S ’ 

49 4 

5 

37 7 

44 S 

34 1 

43 9 


All \alues aie axeiages of clupUcute determlnxtlons 


uliite blood cells, and analyzing them found the lesnlt's that aie leproduccd 
111 Table IA Oiu omi deteimniafions ot the GSH content of leucocytes 
yielded comparable ■values Platt also analyzed 100 cc of pus, and found 
164 mg of glutathione These obseivations and many otheis, demonstiatiiig 
the presence of glutathione in leucocytes, indicate that tliey should not be 
Ignored in attempting to inteipiet ■\anations of the blood glutathione Finally, 
With respect to inteipietation, it seems moie desiiable to us to attach gieatei 
Significance to the “total glutathione” content than to the ledueed glutathione 
content of the blood The two aie in some phase of eqiiihbiium, and as we 
have alieady indicated, the i educed glutathione mav be leadih oxidized by 
itmospheiic oxygen with the aid of sucli catalysts as coppei, hemin and 
hemoeliioinogens Thus, if shed blood should be hemohzed slightly oi alteied 
hv eontaniinants in the collecting ■vessels the leduced glutathione concentia 
bon could change Table IB illnstiates the vaiiation of the leduced gluta 
thione winch oecius when the blood sample is allowed to stand at lOom tern 
pciatnre foi two liouis befoic tlic filtiafe is made The total glutathione 
varies within the eiioi of the method — about 1 0 to 15 mg per cent As 
contiasted with the vaiiability of the reduced glutathione value, the total 
glntathioiie is estimated onlv aftei a zinc lednction of the filtiate, which 
chmiiiates all the oxidized glutathione (GSSG) Actualh tlie value foi 
glutathione obtained bv lodate titiation is too high bv about 3 to 5 mg per 
cent due to the piesence of leduced ascoibic acid thionenie, methionine, etc 
The eiioi faiih constant and is disiegaided 

Our own studv was uiideitalveii to deteiniiiie the bignificance, if any, of 
variations of the total glutathione content of the blood m blood dyserasias 
The teehnique used was that of ‘Woodward and Fry Its accuracy was 
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dietkcd b\ addiiij^ c.uefidh A\ei"lietl aiuoimts oI g-lutatiuone to A\]iole blood 
Reco\en on fnc siitJi cxpeuincnts nas 9‘), 101, 00 5 100 and 102 pei cent, 
respeetneh Se-\eiit\ six assays foi {rlutathioiie ^\ele unde on the bloods of 
52 patients A\ho nerc seen b^ ns in the medical and lieniatologic clinics of the 
Unnersit^ of Cliicag:o In addition to ‘rlutathioiie estimations tlie led blood 
cell count, nhite blood cell count jiemofrJobm and cell lolunie laJues neie 
all cleteiiimied on the same sample Foi the lattei standaid methods neie 
emploicd In Table II aic listed the t\pes of patients examined and the mean 
\aliies nitli, in some instances the standaid deMations of the lesnlts Strenn 
ous but unsuccessful, effoits woto made to eficct some soit of con elation 
between the glutathione \«ihies and the led blood cell count lencoc^te count 
lieniatocrit, and hemoglobin, and between lanous indices calculated fioin these 
(letenmnations That the glutathione content ^alled to a ceitam extent nitli 
tlie enthloc^te and lellcoc^te counts nas obMous fiom inspection of some 
of the (lata nheie se^clal estimations mcic made on iiidmdiial patients 
Examples of this aisnal lelationslnp nie piesented in Table III 


T\nLF in 


PATE 

FEP 

rsrr 

TOTAI 

cstr 

no 

\OLUMC 

roc 

n B c 

J'atient l 


Chrowte Mycloul Lencema 



\ni 

Via 

V16 

V4 

38 0 

35 0 

49 7 

41 5 

4S 2 
43 5 
50 2 
40 1 

3( 14 0 

37 14 5 

40 If 4 

32 10 0 

4f/ 

4 11 

5 15 

4 04 

r. 700 
25 300 
31 000 
44 "00 

■lauent g 


Cfirontc Jtycloid Leucemm 



i7i4 

l/^O 

VIC 

55 0 

30 0 

217 

02 5 
43 Q 
32 0 

21 201 

28 S5 

25 0 8 

3 22 
» 10 

3 93 

110 000 
28 7jn 
4 200 

PaUent 3 


LruthrohUsUc Anemta (Leucemta^) 



1/19 

2/9 

2/15 

71 G_ 

21 3 

10 7 

20 5 

2S0 

27 3 
20 5 
2S5 
32 8 

3-> 10 7 

41 0 S 

35 9() 

28 0 5 

5 40 

4 60 

451 

4 40 

11 300 

9 200 
11 400 

PaUent 4 


PeniictoMs Anemta and Hetrorrhaffia 



iTsi ■ 

2/11 

3/3 

33 5 

28 3 

24 5 

30 0 
39 3 
32 2 

37 12 0 

35 32 9 

30 9 3 

4 44 

4 21 

3 54 

( 200 

7 200 
5 900 




JPolycythemia Vera 



VO 

9/9 

Co 0 

54 0 

7() 7 
74 3 

05 0 

bo 22 4 

or 21 3 

56 17 8 

9 3" 

8 17 

6 5o 

15-00 
14 300 
IGIOO 


An cftoit at a tabidai piesentatiou of a possible influence of small a ana 
'Oils in the leucocite count nas attempted llie lesult is shonn in Table IV 
fhe 1 allies foi total glutathione and hemoglobin iveie listed in seaen 
J'^logoues of leueocjte counts regardless of diagnosis The peicentage -vana 
ion of the a\erage total GSH and the axeiage hemoglobin of each categoi> 
^oui the iioimal control mean lalue is jnteiesting because of the almost com 
h ofe lack of eonsistenej 

inspection of Tables III and IV it is apparent that there is some 
ondenei for the glutathione of the blood to aan in the same dnection as 
‘^''niges m the erjthroeate and leucocate counts This is not surprising, foi 
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Table iv 

(A) Categories and Averages 


A 

B 

C 

D 

E 

F 

G 


Normal moan 


aveuagi; 

IIB.— GJt. % 

'~Il70 

32.6-;) 

15.00 
UA 6 
13.40 

9.00 
10.7S 


average 

TOTAL GSH .VtG. % 


15.17 


38.00 

42.00 
43.1T 

41.80 

37.80 
38.92 
52.44 


42.16 


wccocnE 

nAJTGE 

E000~23^ 

2.600- 5,000 
3,100- 7,500 

7.600- 10,000 

10.100- 35,000 

15.100- 100,000 
over 100,000 


category 


IIB. 

PER CENT 


A 

B 

C 

D 

E 

F 

G 


~23 
-17 
~ 1 
- 4 
-11 
-34 
-PP 


oi ifie Averages in 

(A) From the Normal Mean Values 

total 

NUMBEF. 

— 

GSU 

IJT 


PLR CENT 

CATEGORY 

PEG CEKT 

^76 

1 

- i ?7 

-t 1 

7 

- 34 

■h s 

IS 

- 19 

- 0.7 

11 

■f 12 

-10 

9 

-t 40 

- s 

S 

-tsio 

•t 24 

5 

-11450 


cells. niajority of the blood glutathioue is in tk 

biochemienl i i ^ ^Brtbei-, bo po.sitive implication in any 

occurs. ^ * ■'^■ould suggest a causation for the variation tlwt 


CONCLUSIONS 

tions o/tbTlhirr/^-^ samples from 52 patients, it appears that vam- 

iu the mimhei r doutent in hematologic patients follow crudely changes 
2 wf "" elements in the blood. 

feriim- fronrhln/f l normals are compared witli a group of patients suf- 

bloocf are n t r ^ e j seiasias, the variations in tlie glutathione content of the 
blood are not statistically significant. 

with anx' x'rn lo correlate changes in the blood ghitatliione 

or the cell volume”^ ^ erytliroeyte and leucocyte counts, the hemoglohin, 

iuRrift- nr, Sood eyiclence which can be deduced from our data to 

basis nf u interpret the patliogeiiesi.s of blood dvserasias on tho 

ba.sis of alterations of the blood glutathione. 

current view.s of the function of glutathione in the body's chein- 

reiieiyec , and the failure of modei'u biochemists to attribute to 

inrroac^^'^^ m 10 e of a Universally occurring chemical stimulus to cell 
increase in number” is apparent. 
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the ^‘AVERAGE DAILY RETICLLOCYTE RESPONSE” 
DURING THERAPY IN PERMCIOUS ANEMIA* 


Arnold Piuldman, A E , Rapuall I^A\cb, M A M D wd Anne Lufkiv, A B 
Ann Ardor Mkh 


definite lelatioiisliip between tlic Ie\el of the led blood tell count in 
A patients with peinicious anemia and the subsequent ieticuiot\te content 
of the peupheial blood aftei theiap\ was first pointed out b\ Mmot aud his 
associates^ Latei Riddle- dexeloped a founuia foi the conelatiou ot the 
Diitial red blood cell count and the inaxiiiuiin ietieuloe\te peiceiitage after 
oral h\ei extract therapj Betliell aud Goldhamei^ amplified tins, adding 
(lita foi desiccated stomach and Inet extinct intia^enoush Appreciating 
Ihe fact that some patients did not leach the calculated peak of leticulocjte 
production, although the lesponse was otlieiwise satisfactoi^ and noting the 
different lengths of time lequiied loi the total ”ieticuloc\ te lesponse,” 
BethelP de\ eloped a founuia to ton elate the ‘^aiea”' of the plotted leticulo 
oMe cm\e with the initial led blood cell count This was used as an e\pies 
sioii of the degiee of bone inaiiow iiiioLemenl Bethell’s foimiila added the 
factor of total time, lepreseiited hx the length of the base of the figure wlien 
reH cti1oe\ te ciiiae was plotted 

,,, the Thomas Henrj Simpson Memori il Institute for 'Nleclical Re<5earch Unhersitj 
•^‘Cnigdn Ann Arbor 
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Table I 

The "Average Expected Daily Eeticulocvte Percentage" After Treatment in Pernicious 

20.2 - 4.1 Eo 

Anemia, With Various Initial Red Blood Counts Calculated From the Formula ' V ' ; y 


Eo 

< < p > > 

0.4 

16.9 

0.5 

16.1 

O.C 

15.4 

0.7 

14.7 

0.8 

34.1 

0.9 

13.4 

1.0 

12.9 

1.1 

12.3 

1.2 

11.7 

I ..! 

11.2 

1.4 

10.7 

1.5 

10.2 

1.6 

9.7 

1.7 

9.3 

1.8 

8.8 

1.9 

8.4 

2.0 

8.0 

2.1 

7.6 

2.2 

7.2 

2.3 

6.8 

2.4 

6.5 

2.5 

6.1 

2.6 

5.8 

2.7 

5.4 

2.8 

5.1 

2.9 

4.8 

3.0 

4.5 

3.1 

4.2 

3.2 

3.9 

3.3 

3.7 

3.4 

3.4 

3.5 

3.1 


Eo — Initial red blood count in millions per c. mm. 
"R” — ^Average daily reticulocj'te percentage. 


In an effort to develop a simple relationship between the initial red blood 
cell count (and therefore by implication, the total number of niegaloblasts 
stored in the bone marrow) and the length of time necessary for blood pro 
ductiou to reach an equilibrium (expressed by the number of days afto 
therapy was started, before the reticulocyte delivery reached a relations i 
comparable to that in health) we have made the following study. The ta^'^ 
were taken from an analysis of the complete reticulocj'te response 
patients with pernicious anemia treated with desiccated defatted stoniacli i 
sue, 22 patients treated with liver extract by mouth, and 39 patients tiea 


with liver extract intramuscnlarly. The patients fulfilled all the requn 


eiiieiits 

for the ideal study of reticnloeyte reactions in pernicious anemia an 
selected because of absence of complicating factors. 

The reticulocyte percentage during the complete reticulocyte 
starting with the day after the treatment was started, and ending md 
day (inclusive) on which the per cent fell to 3 or lower, were 
number was then divided by the number of days represented. Tins 
daily reticulocyte per cent" is, of course, an arbitrary nnraber, not lepi 
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ing any aetwal observation, but servmg as an index in wbieb a luuubev com- 
parable to the “total” retienloeyle production is correlated iritli the time 
element in the jirocess. These numbers mere plotted against the initial red 
blood cell count, and a formula calculated for the curve. 

From tile data, tbe total number of days required to complete the “re- 
ticulocyte response” were plotted agaiii.st tlie initial red blood cell coimt. 
There was no correlation evident. Similarly, there was no eorreiatioii between 
the initial red blood cell count and tbe day on which the maxinnm reticalo- 
cyte per cent was reached. 

m.scussiON 

When the ob.served data of the “average daily reticulocyte per cent” 
are plotted .separatel.v, the trend foi' the eases treated with liver extract by 
mouth is slightly lower than that of those receiving desiccated stomaeli, and 
this, in turn, is not as high us that of the intramuscularly treated group (Pig- 
1). In view of the dispersion of the i^lotted dots on the curve, it appears to 
be satisfactory to combine all of the cases in one group (Pig. 2)- 'The fonnah 
for the curve which best fits tbe intramuscular group is: 


“Average daily reticuloeyte per cent” = 
For tiie desiccated stonsacli group: 


21 - 3.C Eo 
1 -I 0.25 Eo 


22 - 1.9 Eo 


1 -I 0.7 Eo ’ 


For the oral liver extract group: 


For the total group: 


21 - 6.25 Eo 
1 -r 0.2 Eo > 

20.2 - 4.1 Eo 
1 + 0.25 Eo ■ 


SUMMARY AND CONCLUSIONS 

1. There appears to be a simple relationship between the level of the red 

blood cell count on the day that treatment is started in patients with perw 
cions anemia and the total reticulocyte jrroduction, as expressed by the o ■ 
reticulocyte percentages of each daj^ divided by the number of days leqo 
for the total “reticulocyte response.” . f 

2. The curve which best fits this relationship has a formula for each po»i 


‘Average reticulocyte per cent" 


20.2 - 4.1 Eo 


1 + 0.25 Eo 

3. This arbitrary relationsbiji is an expression of the total 

production, and, therefore, a measure of the number of cells bloche 
megaloblast stage in the hoite marrotv of untreated patients with pen^ 
anemia. ^ 

4. There tvas no simple correlation betw'een the total ninnhei o 

required to complete the reticulocyte response and the initial red oo 
count. , (.gjl 

5. There was no simple correlation betw'een the initial red 
count and the dav on which the maximum red blood cell count was i 
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the piiarsiacologic antagonism ok metkazol and sodium 

AMA^TAD AS SEEN IN IIOIAN INDIVIDUADS 
(ScnrzopiiKENic patients)* 


Louis li Cohcn, MD, WoRCE*^Tnn, Macs 


aiitagomstic action o£ metia^ol and the baibituiates has been the subject 
^ of considerable ttoik b\ luiiacious iiuostigatois The pioneei noik of 
Tartler^- ciemoiistiated death that sodiutti baibilai nnuosis nas qiucklj o\ei 
come bj luetrazol and that tlie LOinuIsant thicshold of metrazol nas laised 
about fourfold by soduun baibital These obsei\atious lia\e been confirmed 
and extended by the itoik in anmiaK ot Jlehl,*^ ^lalonc^ ^ Kolin and Jacobi,^ 
Biehler,^ Zip£ and couoikets*'* '■* A\iiiaehcr- AJbus ^ SUi^ab and 
Gros and Hofmann, ° and -Jackson*' The eontopt of the “anakening effect 
(Koppauji and associates®) lias been applied b\ Bailou^ to metiazol in ex 
planation of its modus opeiandi in oxeKOining the effects of the baibitiuates 
To mj Inionledge theie is no icpoit in the litnatme coneeining the effects 
ui human mdi\uluals of the Mmultaneous mjection of both of these dings 
The expeiiments to be descubed here weie pinnaril} designed to test the 
P'5>clnatric effects of metiazol ^\heu combined nith sodium amjtal The^ Uaxe 
fele’ianee to the recentlx intioduced conxidsne tieatmcnt of schizoplireiiia 
othei mental tlisoideis xMtIi metiazol Some of the data obtained seemed 
to be of sufficient pertinence to the phaiinacologic problem of the haihitxirate 
metrazol antagonism to naiiant sepaiate repoit The effects of lapul simul 
taueous, intraxenons injection of combined metiazol and sodium amxtai in 
^ gioup of 5 scluzophienics x\cie studied t 


PROCEDURE 


Of the subjects studied, 4 , M C , G L . W T . and L C , x\ ei e x^ omen, and 
9ne, L 0 , v\as a male All ucie eJuouicallj distuibed patients nho neie part 
a large gioiip x\hicli I treated foi a peiiod of foiiiteen to tuentj thiee 


•From the Research Service of the XXorcestcr Stnte Ho*;pltal 

Uccehed for publication August 8 1938 . . , , 

f-rr. » niay be mentlonetl that socIiUki nmjtal In dosages •tufflcicnt to induce narcosis of 
S “^atcr or le&s duration fs also used independentlj in the treatment of schizophrenia 
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successive days with inetrazol (Bilhuber-Kiioll). Sletrazol in 10 per cent solu- 
tion only was used. Two or three days following the cessation of this series, 
the following steps of the experiment wei’e undertaken in order; 

(1) The convulsive threshold of metrazol was redetermined. 

(2) The following daj’ and on successive days thereafter, the convulsive 
threshold dose of inetrazol combined with 0.25 gm. sodium aniytal (Lilly) was 
injected. The drugs were mixed together and injected intravenously as 
rapidly as possible. The amount of metrazol was increased daily until a 
convulsion occurred. 

(3) On the day’ following the occurrence of the convulsion, 0.25 gin. sodium 
amytal was injected alone, over a pei'iod of two and one-half mimite.s, 

(4) The following days and on successive days thereafter, metrazol com- 
bined with 0.5 gm. sodium amytal was injected under the same conditions as 
(2). The amount of metrazol was increased daily until a convulsion occurred. 

(5) On the clay following the occurrence of the convulsion, 0.5 gm. sodium 
amytal was injected alone over a period of two and one-half mhnites. 

In patient L. 0., because of the high convulsant threshold obtained with 
metrazol combined with 0.25 gm. sodium amytal. the experiments with 0.50 gm. 
sodium amytal were not carried out. 


RESULTS AND CONCLUSIONS 

Since in most iiatients the dosage of metrazol alone must usually he m 
creased after successive injections in order to produce convulsions, it is neees^ 
sary to evaluate the data in the light of this factor of changing “tolerance. 
For each of the patients, therefore, a graph is presented of the dosages usee 
and the convulsions produced over the period of from fourteen to 
three successive days, during which metrazol alone was administered. 
same graph there are presented the data on the dosages of combined roe ra 
sodium amytal after the two-day or three-day interval of nonmedication.^ 
points at which convulsions occurred are also indicated. The effects o 
metrazol-sodium amytal mixtures and of sodium amydal alone are written o 
this portion of the graph in the appropriate places. 

From the data in Fig. 1 the following points of significance maj be no e 

1. Certain combinations of sodium amytal and metrazol may be 

intravenously at a rapid rate in human individuals with no hypnotic or 
v’ulsive effects. . 

2. (Sodium amytal raises the convulsive thre.shold of metrazol. 

metrazol in convulsive dosages diminishes the hypnotic effect of 
even when convulsions are not produced. The upward change ni 
vnilsive threshold of metrazol, vvdien combined wdth sodium amyta , 
greater than that of metrazol alone. . vjp 

3. The convulsive threshold of metrazol seems to bear a direct rela ro 


iiot 


to the amount of sodium amytal with which it is combined. Wlietto 


the hypnotic effect of sodium amytal bears an invmrse relatiomsbip 


L Clli .lit » 'll froi^ 

amount of metrazol with which it is combined cannot be esta is ic 


these data. 
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4 In patients in A\hoin lelatnelj small dosages of bodium anntal (0 25 
gill Ultras enonsh ) alone pioduee no appaient ll^pnotlc eflect, tlie same amount 
IS efieetne in laisuig the coinnlsne thicsliold of mctiazol 

5 The infeience seems eleai that the autagonism of sodium amjtal and 
metrazol (as indicated b^ the iicutializatioii of the Inpnotic effects of the 


P)9TIENT MC 




SUCCESSIVE DAYS 


0 AheH? ' ~-Antaj?onistIc effects of nietmzol and sodium ani> tal 
• conMilsion A — No drow<5iness 

'-’cciirrence of convvilslon /— Drowsj jest of cla> 

yetrazol alone C — Diowsy Uno hour® 

combined with 0 25 grti sodium 73— prow®> fifteen to V 

C— Slept twent> to thir: 

combined with 0 5 ffm sodium c.. ♦ 

F — Slept one to two hO’ 


73 — Drowsj fifteen to twentj minutes 
7?— Slept twent> to thirty minutes followed b> 
drow sine®s 

7^ — Slept one to two hours 
Cf — Slept SIX hours 
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former and the conviilsant effects of the latter) is one which may depend 
upon the action of both drugs on the same centers of the nervous system. 
There is also the presumption that the speed of action of both drugs must k 
verj^ nearly the same. 


SUJtMARY 

The mutually antagonistic phamnacologic action of metrazol and sodium 
amytal has been studied in human individuals (schizophrenic patients) under 
conditions of rapid, simultaneous, intravenous injection of both drugs. Tk 
antagonism consists in the inhibition of the hypnotic effects of sodium amytal 
by metrazol and in the rise of the oonvulsant threshold of metrazol by sodium 
amytal. The efficacy of the antagonistic effect of sodium amytal to metrazol 
seems to depend upon the relative amounts administered. It is suggested timf 
both drugs probabl.v affect the same centers in the nervous system and at tk 
same rate of speed. 
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EXAMINATION OP EPrUSIONS IN TUMOR CASUS^ 


KunT E L\M)f, M0, IIv&LnsTmw Jfi) 


R ecent expcueuccs and doubts conccininq: the ulhibiht\ and piaetical 
%aluc of jxatliologic examinations ol cllusions in tiimoi cases piompted the 
folloiung shoit sunei 

During tile fust tcn^eal peiiod of a medium sized iiual Iiospital the 
routine Inopsics amounfed to about 300 the numbci of autopsies to about 44 a 
'eir Although the absolute figiucs ha\e bttn giadualh iiieicasing \uthm the 
last tuo ^eals — 1937 512 biopsies, 43 autopsies hist six months of 1938 
209 biopsies, 45 autopsies — tlic abo\c quoted a\tiagts ot tiie last decade since 
1928 still gi\c a fail!} acemate moasme of the matcnal available foi imestiga 
tion m the pathologic labointoo of the hospital 

An attempt nas made m 27 casts eithci to couoboiatc or to exclude a tiimoi 
diagnosis and e^cntualh to aiinc at a eonelusion about the ecllulai chaiactcr 
jstics of a guen giouth thiough microscopic mtestigation of chest or abdominal 
effusions The examination Mas earned out m chest fluid m 16 cases, m ab 
dommal fluid m S cases, in one patient ploiaal tiansudnfo and ascitic fluid both 
iieie a\ailable Once the stomach contents and once the fluid fiom a punctured 
cjst of the paiotid gland \\oic examined without success On the whole, the 
tests have been eairicd out in 50 instances 

The findings for this siuvev wcic aseci tamed as follows The available 
slides weic studied, and a tentatne diagnosis based upon an exact histologic 
description of the ccllulai pcculiaiities of the effusion, was made All the 
chnieal, autopsj, biopsv and operative notes availnble weie collected and com 
pired VMth the original patliologic dcsciiption and diagnosis of the lespective 
speeimens A compaiison of tiic two diagnoses pioved an almost complete con 
fornutv An attempt to impiovc oiiginallj incoiiect oi doubtful diagnoses 
failed 

The procedure lecommcndcd oiiginalh bv Slandlebaum^ and later bv 
Zenianskv'’ vvas applied with onl> slight changes in minor details, partlv similar 
fo those mentioned and suggested h} Poof* m 1937 Ponnahn and Zenker 
fivation gave identical lesults Centrifugation and filtration of the fixed sedi 
^eiit seemed to be slightlj superior to lepcated centrifugations It maj well 
be that the less dense packing of the cellulai elcmeuts in the sediment aftei 
oul} one single centiifugation lesults in a bettei dehjdration under the treat 
Went With alcohol Paiaffin, sections of the sedimented cells were, in our ex 
pericnce, fai supeiior to simple smeais of sedimented material, fixed and treated 
the fashion of the usual blood stain Hcmato\> hn eosin, eosm methv lene 
blue, aiitl Wijglit^s stain were of almost equal tiuctoiial value and sufficient 
^be purposes of diffeicntial diagnosis 

•From the jrar> Imogene Bassett Hospital CooporitoiiTi N V 
Uecehed for publication August 33 103S 
085 
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In reviewing- the results of tliis small series of fairly representative ma- 
terial for judging the diagnostic procedure (see Table I) one recognizes that, 
as far as differential diagnosis is concerned, negative findings are apparently 
of less significance than positiv'e results. The latter, marked by tlie presence of 
tumor cells in pleural or abdominal effusions, establish the diagnosis beyond any 
reasonable doubt, whereas in those eases in which the clinical diagnosis leans 
more towards a nonneoplastic origin of the effusions, the absence of tumor cells 
in the respective fluids will be only one more link in the whole chain of diagnostic 
evidence against the presence of a malignant growth. It is easily understood 
that the diagnostic problem is of especiallj’^ great significance in those cases in 
which a pleural or abdominal effusion is caused by a systemic groivth of the 
liunph glands, as, for instance, in Hodgkin ’s disease, lymphosarcoma, or general- 
ized metastatic involvement of the Ijunph glands in certain rare eases of car- 
cinoma of the stomach or prostatic gland. The chylous appearance of the fluids 
in some effusions may eventually add considerably to the uncertainty of the 
findings. 

Two reasons are obvious for the difficulties encountered in the interpreta- 
tion of the examinations. One rests on the fact that a good number of tumors, 
although spreading intraperitoncally or intrapleurally, do not give rise to le 
presence of tumor cells floating iidthin or on the surface of the effusions.^ c 
very instructive descriptions and pictures of QuenseP discuss this factor in a 
the necessary detail and show that this possibility always has to be kept in mni 
whenever a negative histologic finding contradicts otherwise sufficient ana s n 


ing clinical evidence in favor of a neoplasm. 

The other factor is found in difficulties of correctly interpreting tlie 
encountered in pleural and abdominal effusions. It would lead too fai a a 
to discuss all the possible sources of errors, starting with technical shoiteonimg^ 
for instance, in consequence of delayed examination of the fluids, necro^^^^ 
cellular changes may have taken place before adequate fixation. It 
unnecessary to dwell on these possibilities, since several authors ratlier 


have described the cellular findings in effusions with much detail, some 


iiuvu uusenutju uit; utfiiuiar iiiiuiiigs in tJiLusiujib wiui ^ ^ 

adding excellent and instructive pictures; furthermore they have 
above-mentioned possible technical errors (Graham,'* Quensel,® Kaip, ^ ^ 
and associates®). These papers all deal with the importance of 
ferentiating the plaques of more or less swollen or otherwise changed en ° 
cells from tumor cells as they are found in practically^ every’ effusion o o 


duration. Bnt, whereas it seems to be comparatively^ easy 


to come to a con- 


clusion concerning the endothelial origin, even of a multinucleated cel , ^ 
on the multitude of criteria available, it is still more than difficult an i or. 
doubtful to diagnose positively’ a single tumor cell. Quensel,® MaeCart 
Poot^ stress the value of the so-called nucleo-nueleolar index, whereas 
and Halpern^^ emphatically’ deny’ the diagnostic value of this phenomen 
though in the present small series it ivas not possible to cany 
measurements of the nucleo-nucleolar index, special attention has Qj,jgin. 
to the presence of large nucleoli in cells, otherwise suggestive of neop as^ pjeurai 
But it was possible in only’ 2 out of 5 tumor cases with peritonea o^^ p^evj. 
spread, in which tumor cells could be expected and had not been o 
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to establish (letiospectuch ) the diagnosis on account of tlie piescnce of 
'^1*5 large nucleoli It maj be that a correct micrometij of a ^\caltll of inateiial 
perhaps gncs \\ith inciesiing evpeiience a greatci feeling of sociuit\ in the 
uiterpietation and e\oluatioii of tins special ctiteiion So fai, Iio\se\ei, it seems 
hat audacious to ain\e at a positi\o tuuioi diagnosis in an otlierwise 
doubtful specimen onh on account of one definite cellulai cli.iiactci istie, nameh, 
laige iiudeoUis Since miiltmuclcation, mitoses, giant caMlies signet 
foimation, and tiuctoiial anomalies maj be oijsei\ed as nell ^\itliin cells of 
endothelial oiigin, the most ^aluab]c criteiion is still the pusence of t\'pical 
|umor elements, not in the form of single cells, but of cell clustcis acini oi other 
’^I’ger histologic entities, as used m the common pathologic loutine diagnosis of 
bisues 
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It may he added as completion of Table I, that the diagnosis could k 
verified botii by autopsy and by biopsy and operation nine times. Only in ftose 
4 tumor eases where the metastatic spi’ead to pleura or peritoneum is noted ss 
que.stionabIe (Nos. 16, 19, 20, and 21 of Table I), the final proof for the correct- 
ness of the diagnosis was missing. The same holds true for 5 out of the 8 non- 
neoplastic eases. 


A glance at Table I shows that in applying the above-mentioned criteria 
the diagnosis could be established at once in 6 out of 9 patients in whom the 
kind of pleural or peritoneal spread made the pi’esenee of floating tumor par- 
ticles or cells more than probable. In 2 of tlie remaining 3 cases, the interpreta- 
tion of the cellular findings was doubtful, but here, as already pointed out, the 
presence of large nucleoli, and probably even better the determination of the 
nucleo-nucleolar index, should liave pointed in the direction of the correct tumor 
diagnosis. To these 3 negative, or more exactly questionable, results m\>st to 
added 5 more cases, in which a pleural or peritoneal infiltration wa.s very litel.v, 
although no autopsy findings were available to corrolmrate the diagnosis. 11 'di- 
in the effusions of these cases no tumor cells could be discovered either. How- 
ever, in one the verification of cells suggestiim of neoplastic origin was at least 
suspected and .-lotted down as que.slionable, but not .sufficient for a definite 
diagnosis ( Case 21 ) . On the other iiand, in no case was a tumor diagnosis made 
where later at autopsy or operation it was conclusive^' sho-vro that tlie presence 
of malignant cells within the fluid would have been highly improiiable, 
impossible, on account of the absence of a peritoneal or pleural neoplastic 
involvement. In taking into account these cases and in adding others, ivherc a 
nonspecific pleurisy or an ascites in a case of cardiac cirrhosis gave rise to the 
effusion, which likewise shorved negative results, one sees that the diagnostic 
value of the method is not as small as first assumed. Although, naturally; nega 
tive finding are, as pointed out before, of far less diagnostic significance ot 
the clinician, the danger of ivrongly interpreting the abnormal cells of c" ^ 
thelial provenience as neoplastic cells is apparently negligible. ^ 

Two cases out of the foregoing series may be described briefly because 
post-mortem findings which ivere of special interest. 


No. 27, J. St., was a male patient, 48 years of age, wJio came ro mu jiv.-i— 
half year ’s illness. He had first noticed a swelling of his left leg which, in ti'® 
the ne.\t few months, became gradually cyanotic and dyspneic. On admission a 
astinal mass and also a generalized sn-elling of his inguinal, cervical, and axi a j 


to the hospital after a 


V*. f -- ^ . rather 

glands was discovered as cause of his sj-mptoms. At the time of his sucioen, * 
peotod death, the clinical diagnosis was lymphosarcoma or Hodgkin's disease. ira' 

of a primary carcinoma of unknown origin with metastatic spread to the lymp i 
also discussed. At no time were any malignant cells found in the pleuritic fot 

tlie endothelial cells, which were present in great number.s, single and in plaques, 
ditficult to differentiate. At autopsy the presence of large masses of firm, y® 

IjTuph glands at the above-mentioned locations seemed to he in favor of a primary 
disease of the l;j'niph glands. The fact that the neoplastic masses in th® pelvis i ^ 
seminal vesicles was noticed, but did not change the preliminary, gross gland' 

scopic examination, however, revealed that not a primary systemic process of the 
caused the growth, but a metastatic invasion originating in the piostatic gland, 
tumor spread, limited to the Ijonph glands, is known but very rare. 
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No 5, V. H, uas a 47*jearQl(l married woman, who died ei^?ht and one half months 
after tlic on'-et of ^ag^nnl bleedinp cau^^ed bi, a malignant tumor of the o^ary. In spite of 
profu«e spread tliroiiph tJie peritoneal ami pleural caMties, it was not possible to tiaco tumor 
tells within the abdominal effusion. Hi^tologicalh, the tumor turned out to be a so called 
small cell carcinoma of the o^nry. Among mtn^ metnsta^es found at ncciop‘»y and micro 
«copic studj, ono was encountered withm tlic mitral \ahc. A careful search of the literature 
(lid not disclose the description of a similar location of a tumor metastasis 

1. Pathologic examination of pleural ami abdominal cflusioiis in tumor 
cases has been tiied out loutincly in the inalciial of a mediiim-sizcd rural hos- 
pital 

2 Attention is called to the fact that exon in the picsence of an iiitra- 
pciitoncal or intraplciual tumor .spiead, malignant cells within an effusion 
cannot bo expected in cx'cry case, tlien oceiuicncc depending upon the special 
conditions of the neoplastic giow^th. 

3 The difficulties arising fiom the inteipictation of the cellular findings 
and the necessary diffcicntial diagnosis between colls of endothelial and neo- 
plastic oiigin arc briefly discussed 

4 The number of cases in wliich tumoi cells could be demonstrated xvns 
compniatixely small in this series Hoxccxci, tlic absonco of an.x misinterpreta- 
tion of endothelial colls as tumor cells, gives a somewliat inei cased diagnostic 
'aluo to the negative findings. 

5 Ono ease of prostatie carcinoma xxith metastatic spicad exclusively to the 
Ijiaphoglandular system, and one of an oxaimn caicinoma with a metastasis 
'dthin the mitial valve, arc biiofly described 
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THE CONCENTRATION OP ACACIA IN THE SERUM, ITS SATE OP 
EXCRETION, AND ITS EFFECT ON THE COLLOID OSiMOTIC PSBSSUEE 
FOLLOWING INTRAVENOUS INJECTION IN CASES OP 
CIRRHOSIS OP THE LIVER'' 


Hugh R. Butt, AI.D,, and JIarschelue II. Power, Pii.D., Rochesteh, Mix.v.. 
AND Ancel Keys, Ph.D., Minneapolis, Minn. 


T he iridespreacl use of acacia as a .substitute for blood lias foeused con- 
siderable attentioji on this .substance and its probable physical and chemica'I 
aetious in the organism. The purpose of this study was to determine tk 
concentration of acacia in the blood, its rate of excretion, and its effect ou 
• the colloid osmotic pressure following intravenous injection into man. 

It has been established reeentlj' that acacia cannot be readily metabolized 
by the animal body, but that it is deposited in tlie liver, spleen, and otkr 
organs following intravenous administration (Andemsch and Gribson,' D31). 
Others have presumed that depo.sition of this .substance in the liver accouiits 
for the decrease in the levels of plasma protein sometimes observed folloivin? 
the intravenous administration of this agent (Dick, Warweg, and Andersdi, 
1935). 

Acacia di.sappears rather rapidly from the blood stream, but Keith. Pomcl 
and WaketiekF (1935) have been able to detect traces of acacia in the bloflf 
serum of man three years after its injection. There has been a lack of a 
quate data on the rate of disappeaz-ance of acacia following intravenous mjf^ 
tion, and the data of Gasser, Erlangei', and Aleek'' (1919) on rabbits, of >' 
man” (1929) on znan, and of Peoples and Phatak" (1935) on dogs, aie a 
all that az’e aA'ailable. 


METHODS 

The colloid osmotic pressui-e, the values for the serum proteins 
and globulin), and the rate of e.vcz’etion of the injected acacia were determ' 
izz three eases of cirrhosis of the liz'ez’. 

The concentration of acacia in serum and urine was determined 
eipitation method udiieh has been descidfaed in izreliminai'y form h} 
(1937). The details of the method zvill be published elsezvhere. Poi 
procedzzre invoh’es. first. remoA'al of proteins by zneans of of 

and, second, isolation of acacia fz-ozn the xzrotein-free filtrate b.i 
acetone. The acidity of the sez-um filtz-ate should be equii^alent to 
per cezzt ti'icliIoz*aeetie acid. Five cubic centimeters of acetone 'S n"- 
2 e.c. of filtz’ale in a moderately pointed eentidfuge tube, and the nii.' . 


alloAved to stand aiz hour or moi'e izz the refrigerator. The precipitaP ” 
is sepaz’ated in the eezitz’ifiige, umshed zvith acetone, and dried. 


It IS 


*Prom the ^Division of Medicine, the Mayo Clinic, thQ Division of 
Foundation, anti the University of Minnesota, Minneapolis. 

Received for publication, Au^st 20, 193S. 

690 


Biodiemistrj. 


then 



BUTT ET Ah. : CONCENTBATION OP ACACIA IN* CIRRHOSIS OP LIVER 691 


oxidized witli a known amounf of potassium dichroinate in tlie presence of 
coiieentrated sulfuric acid, after which the excess dicluoniate is determined 
iodometrically. It lias been found that purified acacia that has been isolated 
and treated in this manner reqniies, on the average, 2 72 c c of 0 05 normal 
solution of dicluoniate per milligram for complete oxidation The results of 
analyses may be calculated with the aid of this faetoi 

Acacia, as detoimined by tins method, obviously lepiesenfs a substance 
which has not become so modified in the bods as to lose its pioperty of pre- 
cipitating* in the presence of acetone If the acaeni h\ di'ol.\ ^es to some extent, 
the simpler molecules formed migrht he parth metabolized oi jmrth excreted 
m the urine. Qualitative experiments liaAc indicated, in fact tliat subsequent 
to intravenous injection of a solution of acacia, the urine nun contain more 
furfural-yielding* substances tJiaii can be accounted foi bv the amount of 
“acetone precipitablc” acacia present It nun become of consideiablc interest 
to compare the excretion of “precipitable’^ acatia with tliat of total furfural- 
lieiding* substances in future .studies of fins sort 

The acacia employed in each case uas a 6 pei cent (with 0 9 normal 
sodium chloride) solution that had been stonlizeil m tlie autoclave Mention 
IS made that these solutions were autocluxed because this piocess supposedly 
increased the colloid osmotic pressure of the solution (Dodds and Ilnines,® 
1934). The colloid osmotic pressure of the blood seinm N\as measured by a 
modification of the mombrauc bag: arrangement of Stalling^ (1H96), Adair'” 
(1928), Keys and Taylor" (1935), and others Tlie details of tlie metliod will 
he presented elsewhere, but a few essentials ina> bo 'ii\en heie The serum 
J*? diluted uith an equal volume of a phosphate bufi'ei solution at pH 7 4, u Inch 
IS approximately isoionie and isoosmotic uith tlie seium Small, lather iigid 
collodion sacs, which have been previously tested and pioved to bo jirotein 
beht, are used. The same buffer solution is used for the exfeiiial medium and 
the entire system is kept at 0° C TTsnally. equilibration is (oniplete witlnn 
hours, but in all observations in the present senes tiie osmomcteis 
t'ere observed for some days loiiger At the end of equilibration the amount 
of nitrogen in botli the inner and outer fluids uas determined and the lesnlt 
compared with the values for the protein and nonprotem mtiogen of the 
origiimi serum. The values for colloid osmotic pressuic uere collected to the 
^"giiial eonoentiation of the proteins in tlie sennn b\ means of standard 
protein dilution curves All determinations weie made m duplicate The 
mean colloid osmotic pressure of the serum obtained from thirt\ normal pei 
•Sons Was found to be 371 3 mm of water, with a probable error of ±5 38 Tlie 
’'‘'^I'iabiJityj as measured by the standard deviation, was 43 7 mm of water 


RESULTS 


Follouing intravenous injection of a 6 per cent solution of acacia, the 
colloid osmotic pressure of the blood serum is assumed iisnallj* to be elevated 
for forty-eight hours (Amberson,'- 1937) Fig 1 adequately supports 
st atement. It is interesting that the value for the total protein of the 


well to mention that the pie«icnce of acacta interferes in determinations of 
bj benzidine methods in nhloh acetone or alcohol Is used as the pre- 
tedium (Keith. Poner. and Wakefield. 1935). 
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Fig. 1 . — Effect of multiple injections of acacia on the colloid osmotic piessure and an 
concentration of serum protein of man. 



Figr. 2. — ^Effect of single injection o{ acacia on the colloid osmotic pressure and 

eentratioo of serum protein of man. 


on the M 
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blood serum uas diiniiiished follo\Miig injections of acaein, but that the albii 
ann fraction uas aftected little Siinilai lesnlts Imie been lecoided bj HeeheP^ 
(1938) and Ins associates, following Jaijre injections of acacia into dogs 
In the case sunimaiized in Fig 2 theie was onl\ one injection of 500 cc 
of acacia TJie colloid osmotic piessuic of the blood seinm in this instance 
was not niaintained abo^e, oi at, the basal Ie\el ot the patient foi anj appie 
cnble period of time 



Fie 3— Concentration of ncncla In seiuni nn<l tulne follonlng inultlplo Injections of acacia 



Flff 4 — Urlnar> excretion of icacm following single Injection of acacia 

It IS frequently stated in the Iitbiatuie that the seium pioteins paiticu 
^■^rly the albumin fi action, fall to a Ion coneeiitiation in man and animals 
following the intia\enons injection of solution of acacia (Diek and others, 
^935, Ileckel, 1938) Only in tlie thud case, siniilai otheinise to the ease 
^epieseiited m Fig I, did the eoncentiation of albumin decrease appreciably 
following this piocedme, but at no time nas this leduction of the magnitude 
*■ 61101 * 16(1 in the hteratuie 

3 lepieseiits giaphically the toiieciitiatioii of acacia in the blood and 
of a patient nith cuihosis of the luei, folloning the nitra%enous injec 
of acacia Theie appeals to be some euinulatne effect folloning the third 
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Hours 

F>S. S — Urmarj' excretion of acacia following multiple injection of acaci 


injection of acacia. The colloid osmotic pre.ssitre of the sei'tim does not 
elevated in proportion to the eoneeutration of acacia in the blood, h* 


because the smaller particles of acacia are excreted 


rapidly iu the urine 


diffuse rapidly into the tissues or some other depot. 
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IiiFigb 4, 5, and 0 the e\cietion of atacia in uiiiie folloAMUg the injection 
of ^auous quantities of <icacia is shoun giapliicallN It mil be seen that, loi 
the penod of time iiichuled in the giaplis, the quant^t^ of acacia e\eieted b'v 
the tuo patients uho loccncd multiple iniections Mas in each case less than 
20 pel cent of the total amount of acacia iiijcctod, and that most of the acacia 
excieted appealed in the fust thiee (la>s folloning its adiniiiistiation The 
patient mIio recened onh one injection c\eictod somewhat moie than 20 pei 
cent of the quantity injected diuingf the pciiod of obseiiation The acacia 
excreted in the mine piohabh is composed nianih of the smallei pai tides 
which lm\e passed thiough the membtane of the ‘rlomeiulus This loss of 
osmoticalh aetne pai tides m the unne, tojrethei with i eduction of the quan- 
tlt^ of acacia in the seiiim as a consequence ot othei means of disposal in 
the bod\, such as stoiapc, probable accounts fm the inabilit\ of injections of 
acacia to maintain an de^ated colloid osmotic piessmc foi any long peiiod 
of time 


suvmarv 

Admiuistiation of acacia to man uiulei the conditions of these obsei\a 
tions lesults in a shoit tompoian use in the colloid osmotic piessiue of the 
Serum The eoncenti ation of acacia in the seium leinains high foi a much 
longci peiiod of time than does the colloid osmotic piessnie This discrepanc' 
probabh is the lesult of the lapid loss of osmotnalh attue pai tides of aeaein 
tluoiigh the mine, oi into the tissues oi some othei depot 
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RAPID COm^ERSION OP TRYPTOPHAN TO INDOL BY 
RESTING BACTERIUM COLI^ 


Stuart L. Vaughan, M.D., Ph.D., Bupfalo, N. Y'. 


I N PREVIOUS communications I'- ^ have shown that fresh, uncontammntcd 
urine of the majority of human subjects contains an indol precursor whicli 
in all probability is free tryptophan, but no indol as such. This work, which 
has been confirmed by Carnes and Lewis,® suggests an approach to tlie stiiil} 
of free trj'ptophan in urine and other substances. Such study in the past has 
been hampered by the lack of sufficiently sensitive tests as well as hy Ihc dii- 
fieulty in distinguishing free tryptophan from that in a combined state. 
utilizing the prineiple employed in the experiments mentioned above, it shoii 
be possible to avoid these difficulties. 

The principle combines selective eonversioir of free tryptophan into iw 
and subsequent analysis of the end product. The conversion is brought a out 
biologically by the activity of bacteria. As previously carried ont, this 
the growth of Bacterium coli in the test substances. Certain obvious 
vantages are inherent in such a method, and the present work was done in 
attempt to avoid some of them by adapting to this purpose a "resting a 
terial suspension which resembles a chemical reagent rather closely. 

Woods,^' ® using a suspension of washed Bacterium coli, „f 

cover from tryptophan solution nearlj’- 100 per cent of the theoretiea U® 
indol. The washed growth from 20 Roux bottle cultures ivas snspen e 
c.c. of Ringer ’s solution and added to 100 c.c, of 0.02 per cent trv^top mn s 
tion in phosphate buffer of pH 7.2. Incubation was at 37° C., with con m 
aeration. Indol was recovered very shortly after the incubation was CoUni 
complete conversion required from sixteen to tliirt.r-six hours. He ® 
action of suspensions on various indol derivatives also, and found 
|3-indol pjTuvic acid, was capable of being converted into indol, an 

small amounts under special circumstances. ^ 'W'oods, 

Happold and Hoyle,® using a technique somewdiat similar to that o 
obtained essentially the same results. These authors were able also 
killed suspensions of the bacteria that were almost equal in conversion po^^^^ 
the unkilled. In their studies conversion required up to forty-eight o 

The results which I obtained sub.stantiate the essential pnlj- 

above-mentioned works, and show further how a modified Ijj^eous, 

increases the speed of the reaction to a point where it is almost ms ^ 
but also simplifies the procedv\re in such a way that it is more rea . 
for certain purposes. The results show also a possible fallacy in 1 
of Woods that Bacterium coli does not decompose indol. 

- - - I 

•Prom the Buffalo General Hospital and the University of Buffalo Me 
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JIETHODS 

In general, the technique eniploj’cd was that used by QuasteF and, more 
particularly, that used by Vaughan and Hubbard® in studies of the destruction 
of reducing sugars. 

The stock strain of Bacterium coli knouii to produce indol actively was 
grown for twenty-four hours on beef juice agar slants in tubes 1 inch in di- 
ameter. The growth was removed with a small volume of physiologic saline and 
washed repeatedly in saline by centrifuging until the washings gave a negative 
test for indol. The second washing alwaj's gave a negative test, but the or- 
ganisms were washed three times as an added precaution. Before the final 
wasliing, the suspension was divided among a scries of tubes in such a way that 
an appropriate volume of packed sediment would be obtained (usually 0.2 c.c.). 
After centrifuging, the supernatant liquid was drained off and the tubes con- 
taining the bacterial sediment were ready to receive the test fluid. This was 
added in 3 c.c. quantities and the sediment evenly suspended in it. After a 
suitable incubation period, tlic tubes were centrifuged again and the super- 
natant liquids transferred to small agglutination tubes to be tested for indol 
as follows: To the 3 c.c. of test liquid were added 1.5 c.c. of petroleum ether. 
The tube was inverted fifty times to insure uniform extraction of indol. One 
cubic centimeter of tlic clear other layer was then transferred to another tube, 
and 0.5 c.c. of Eiirlicli’s reagent was added. Tbc contents were agitated by 
tapping the tube with the finger until the maximum color was produced in the 
ether layer. 

EXPERIJIENTS 

I. The first experiment was an attempt to convert trjT)tophan into indol 
rapidly when the former substance was dissolved in substrates favorable for 
bacterial growth. For this purpose the following solutions were employed: 
(a) tryptophan broth, (b) peptone water, (c) meat juice broth containing the 
usual amount of peptone, (d) urine, and (e) ascites fluid. A liberal amount 
of bacterial sediment was added (0.5 c.c.), and tlie tubes were incubated for 
twenty minutes at 37° C. In each instance a positive test was obtained. 

II. In the second experiment solutions of tryptophan that failed to support 
u vigorous growth of the organisms were examined. Varying dilutions of trypto- 
phan ill distilled water were tested in duplicate. One set was seeded with the 
organism as in the usual cultural technique, and incubated for forty-eight hours 
ut 37° C. Tests for indol were uniformly negative. The other set was tested 

tile manner described in the first experiment. Indol was detected in dilutions 
1 ;i^o0O to 1 :2,000,000. "When the tr^-ptophan was dissolved in physiologic 
saline and tested in the same way, indol could be detected irregularly only by 

cultural technique, while it could be demonstrated in high dilutions by the 
resting” bacteria method. 

III. The third experiment was a rough attempt to analyze a few of the 
^^i^y factors entering into the reaction. 

A. Time : Dilutions of tryptophan from 1 :1,000 to 1 :3, 000, 000 in distilled 
■''■ater were treated with the bacterial sediment in duplicate. Incubation was 
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at room temperature. The first set was incubated for five minutes. The high- 
est dilution giving a color reaction was 1 :200,000. The second set was incnhated 
for twentj' minutes. The positive test Avas obtained in a dilution of 1 :1, 000, 000. 

B. Temperature; The time of incubation was constant (five minutes). 
Three temperatures, 0° C., 20° C., and 37° C., ivere used. All operations, in- 
cluding centrifugation, were carried out as nearly as possible at the given tem- 
perature. The results were as follows : 


0° C. Negative te.st.s in all dilutions 
20° C. Positive test in dilution of 1:200,000 
37° C. Positive test in dilution of 1:1,000,000 


C. Volume of Bacterial Sediment; A tryptophan dilution of 1:100,000 in 
physiologic saline ivas incubated for five minutes at 37° C. in tubes containing 
varying amounts of bacterial sediment and examined for intensity of color pro- 
duced in the indol test. The maximum color was produced with any amount of 
sediment from 0.2 c.e. upwards. Using 0.1 c.e., the color was very faint. Pro- 
longed incubation with such small volume increased the color intensity sonic- 
Avhat. 


D. Effect of Glucose ; As shomi by Logie,® the amount of free indol found 
in a peptone water culture of Bacterium coH is diminished if 1 per 
glucose is added before inoculation. The same result was olitained in the present 
experiment with “resting” organisms. To one of two tubes of 1:100,000 
tryptophan in physiologic saline was added 1 per cent of glucose. Both solu- 
tions were treated with bacterial sediment for five minutes at 37° C. The 
maximum color developed in the indol test upon the solution to u’hich no glucose 
was added. With the glucose solution a very faint, though distinct, color re- 
sulted. 

lY. The fourth experiment was an attempt to quantitate the amount of indo! 
produced. 


A. Colorimetric comparison between the intensity of the reaction m 


the 

test solution and that of solutions of pure indol : On the basis of the ” 
Logie® that indol is utilized to some extent by the bacteria, it seemed pro 
that this method would prove unsatisfactory. However, it was not Inioun 
the amount utilized under the conditions of our tests would be sufficient 
elude this method. In order to study this point the following experiment u 
conducted : 

A series of dilutions from 1 .-1,000 to 1 .-4,000,000 of pure indol in 
logic saline was prepared in duplicate. The first set was treated with laj 
sediment. Both sets were incubated for twenty minutes at 37° C. an 
tested in the usual manner for indol. In the treated set the ^”"^’*^^^000000. 
giving a positive test was 1:500,000, and in the untreated set it was 1. ; 

This result indicated sufficient removal of indol as to preclude this diicct me 
of quantitation. _ 

B, Colorimetric comparison between the intensity of reaction m 
solution and that obtained in solutions of pure tryptophan of known s 
treated in an identical manner at the same time. 
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1 Compaiisoii of tlifteicnt sets of solutions of Known stienf,^th When 
a senes of dilutions of puic ti.\i>toph«in A\as picpaitd in duplieate and both 
sets tieated in tlic same v,a\ at the simc time sMth bacteual sediments of the 
same hatch, not onl\ was the highest dilution gning a positive test identical in 
the two sets, but tlic concsponding tubes ot eacJi set shovied leactions of the 
same intensitv IIowcvci, tests caiiicd out on diffticnt davs oi with diffeient 
batches of bacteual sediment vaned eonsideiabh It was obvious, theiefore, 
tint no peimancnt coloi staudaid could be devised and that the standaids must 
be piepnied at tiic sime time with identical bacteual suspensions and technique 

2 Quantitation of the indol picciusoi m bodv fluids and cvcietions on the 
basis of tivptoplian equivalents In the maunci alioadv described a seiies of 
dilutions fioni 1 1,000 to 1 4,000,000 of piiic tivptoplian in phvsiolo^ic saline 
were picpaicd side bv side with samples ol ficsh iiimc and bodv fluid All weie 
treated foi tvventv inmutcs at 37*^ C with the sami amounts ot bacterial sedi 
ment fiom the same bateli Each tube was then tested foi mdol, and the in 
tensitv of eoloi pioduecd in tlie test samples was eonipaied with tliat piescnt in 
the giaded senes of tivptoplian solution 

The lesults, winch aie desenbed clscwbcie in p nt ’ sliowcd that the tests in 
diffcient specimens vaned fiom negative to an intcnsitv gieatci than that 
given h} the 1 1,000 solution of tivptophan (0 1 pei cent) 

SUVrjr\R\ VND DISCLSSIO\ 

The icsults of these eNpeurnents have shown tliat the lesling hacteiia 
teehnique is leadilv adapted to the stud} of low eonccntntions oi fico ti}pto 
phan Undoi optimal cNpetimental conditions lla conversion of tivptophan 
into indoi was e\tiemoh lapid, being detectable almost instantaneouslv and 
maMinal vvitlim twcnlv minutes The method was applicable not onlv to sub 
strates that normall} suppoit a vigoious growth of bacteiia, but also to manj 
substiates which, foi lack of luUritionai oi clettioh tic lequuements fail to 
support such glow til 

In geneial, tlie lesuIts suppoit the findings of AVoods^ and those ot 
Happold and IIovIe,“ lefeiicd to caihci in tins lepoit Ilowevci, ceitain 
notable ditfeionces aie evident It will be seen, foi e\amplo that the speed of 
the leaetion was mucli greatei in the present c\pouments tlian m tliose of the 
other vvoiKeis In attempting to explain tins marked diifcieneo two possibilities 
pre<;ent themselves The first conccins the mdol pioducmg activities of the 
\anoiis eultiuos emplojcd Ainiile it cannot be said definite]} tliat ni} stiain 

nioie active than those of the othei investigators such a possibiht} can 
not be excluded, since it is known not onl} that the strain used in the piesent o\ 
periment was extieniolv' active as conipaied with other stiains but also that this 
s'^’ue stiain showed considerable vauabilitv in its aetivit} from one culture to 
inothci 

A second possihiUtv conccins the piopoitions of bacteual substance to sub 
stiate In the piesent woik optimal lesults wcie obtained when the piopoition 
0^ picked bacteual sediment to total volume of suspension was at least 1 to 16 
On tins basis it would be necessaiy to use 7 5 c c of packed sediment in the tv-pc 
^'Teiiment of Woods Wlicthci such a laigc amount was obtained fiom 20 
^ou\ bottle cultures cannot be ascertained from the text of his paper 
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It slioiild be noted also that the results of one of the present experiments 
apparently disagrees with Woods' assumption, based on the work of Herz- 
feld and Klinger/'^ that Bacterinm coU does not decompose indol, and supports 
the opposite finding of Logie.® While it is impossible from my results to state 
that indol is actually decomposed, it is certain that appreciable amounts are re- 
moved from solution in the heavy suspensions used. It might be asked whether 
part of the discrepancy between the actual and the theoretical yield of indol 
in Woods’ experiments might not be due to its removal bj’’ the organisms rather 
than entirely to loss from aeration and distillation as suggested. 

As pointed out before, this loss of indol was in part responsible for the 
adoption of a quantitative procediu'e in terms of tryptophan equivalents rather 
than the direct quantitation of produced indol in the present work. 


CONCLUSION 


The so-called “resting” bacteidal suspension technique is adaptable to the 
identification and rough quantitation of free tryptophan found in urine and 
body fluids. 
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LIPID CHANGES IN NERVE DEGENERATION IN AVITAjMINOSIS A* 


LU’IDS 01 Sci\Tic Ner\*f in Amtvminosis A 


Raiaiond RLi=in AB Pii D Dukiivm N ( 


NfHVI DIGrNFRVTION IN UITlMINuMS V 


S INCE Halt and las coA\orker*s' noted mnsculir mcooidmation in samhc on 
a diet that has since been shoun to be deficient in \itamin A several A^oikers 
ha\e nncstigated quite tboioughh the liistologic changes that occur in the nenes 
m this condition jMcllanb}, b\ the use of staining methods, demonstiated that 
the changes take place in the mjelm sheath, and concluded that thej difter onI\ 
m degree from tjpical Wallcrian degeneration This uoik Mas confirmed by 
Zimmeiman * 


In 1934 Sutton and his cOMOikciS'’ published a compiehensne stnd^ of 
none degeneration m uliitc lats on Mlamm A deficient diets These authois 
criticised the staining methods of histologic examination and examined frozen 
sections in the polarizing microscope TIica quoted Cramer and Lee® to shoM 
that cholcsteiol and the pliospliolipids are anisotropic to polarized light and that 
the tiighcendes and fattj acids arc isotropic Bj this method, thej demon 
stidted the disappearance of anisotiopic mateiial m the mjclm sheath and 
Aerified Ifellanbj ’s conclusion that Aitaniin A degeneration presents a similar 
pietuio to "Wallenan degenciation in the pcnpheral nenes Thej Mere able to 
detect these changes much sooner than ordinary histologic procedure 

Rccentlj, Helen Gillum and Ruth OKe\^ A\erc able to find no significant 
'aiiation in the lipid content of brains oi an> other tissue of Mhite lats on a 
Aitamin A deficient diet 

The nei\es used in the piesent studj weic obtained fiom rats used bj 
T S Sutton, A\ ho Mith Di H E Setterfield, has been continuing his Mork 
on none degeneration Di Sutton lias published a complete account of the 
niannor m A\hieh these animals weie depleted of Aitamin A the grade of standard 
rat used, and tlie diet of the controls ® 

There are, in the literature, thiec methods for the partition of the lipids in 
a small amount of nerAe material ® HoAvoAer, none of tliese make proMsion 
far the deteimmation of tugljceiide esteis or of bound cholesterol Further 
^ore, the last tA\o methods are extremeh complicated, and all aie open to the 
ariticism that the mateiial is dried before extraction 


•From the naboraton of Agricultural Clieml^to Ohio State Unhersltj 
. The dati presented In this paper foinied part of a thesis pre«?cntetl in partial fulfillment 
Si Fe requirements for the deffroe of Doctor of rhllo«oph> m the Graduate School of Ohio 
Unlversltj J936 

Uecelved for publication September 2 1938 

<•>.. tSince the oomnletion nr this stiida a paper b> V Klik has appeared In J Biol Chem 
In’ J23 1538 de«;crlbing a method of llplcl partition a\hlch might rcadilj be adapted to iier\e 
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III one series of analyses in the present paper, cholesterol ivas pai1ition«I 
into free and esterified, and conjugated lipids were separated into lecithin, 
cephalin, spliingoinyelin, and cerebi’osides. A large drop was noted in the satu- 
rated lipids, and a smaller one in the unsatiirated lipids. Cholesterol remained 
unchanged. None of tlie changes, however, were significant according to the rule 
that, to be significant, “a difference in means must be at least one and a half 
time.s the sum of the mean deviation from the respective means. Since 
Dr. Sutton's study with the polarizing microscope has shown that the nerves do 
not all degenerate to the same degree, the large mean deviation is understand- 
able. Nevertheless, the sum of the fatty acids of sphingomyelin and the cerchro- 
sides showed a difference that would be significant. Also, since it was evidenl 
that both fractions of the saturated and nnsatnrated lipids changed at about the 
same rate, another series of analyses was made in which the conjugated hphh 
were partitioned into saturated and nnsatnrated fractions only. There \^ns n 
significant drop in the percentage of .saturated lipids. 


METHODS 

The sciatic nerves were carefully excised so as to remove all adventitious 
fat and connective ti.ssne. Upon excision, the material was placed in a smalDbi 
previously saturated vnth water vapor by nieans of a piece of moistened 
paper. At no time were the nerves kept thus for more tlian an hour. I 
were weighed as soon after excision as possible, the weight of the two 
being usually between 50 and 100 mg. 

After u'eighing, the nerves were transferred to a small mortar and fine J 
ground with five or six times their weight of clean silica sand. The powder vrffi 
easily transferred to a 50 ml. Erlenme.ver flask with the aid of a small spatn m 
A little powder remaining was washed mto the fla.sk with three 3 ml. poitions o 
95 per cent alcohol and finally with a little ether. 

Extraction . — The alcohol-ether mixture was boiled on the steam 
about a half hour. A 2 inch funnel was put in the flask as an aid in le 
and as a protection again.st possible humping. The solution, after settling 
powder, was carefully decanted into another 50 ml. Brlenmeyer flask, 
traction was repeated twice with 95 per cent alcohol and twice with a 
alcohol. Finally it was extracted twice with chloroform. About 5 ml. o 
were used eacli time and boiled for not less than fifteen minutes, oi n ' ® 
premous extract was evaporating to a small volume. 

The lipid extract contained, likewise, some pulverized sand and non 
material. It was extracted four times with 5 ml. portions of boiling 
The extracts were filtered, in their turn, into a 15 ml. graduated centii 
and boiled to about 0.5 ml. A short piece of melting point tube fusee o i 
glass rod was used as an antibnmper. 

Precipitation of the Conjugated Lipids . — Three drops of a of 

tion of strontium chloride in alcohol were added to the chloroform sou 
the total lipid, and tlien 7 ml. of acetone. The mixture was allowe 
about one hour, after which time the tube was pentrifnged. The 
solution was transferred to a 50 ml. Erlenmeyer flask, and the conjuga c 
washed tu'iee with 3 ml. volumes of acetone. 
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Determination of V) cc Cliolrstaol — The acetone solution and washings fiom 
the piecipitatcd pliospliohpid ^\cie c\jipoialcd to diMicss and the lipid dissohed 
m 5 ml of pcti oleum ether Ten imllilifers of a 0 2 pei cent solution of digitonin 
m 50 per cent alcoliol ■weic added, and the mixtiue e^apolatcd to dijness on the 
steam bntli, out ot contact ^^lth actnc steam 

After the flash had cooled, hound cholcsteiol and nciitial fat ^\eie e\tiacted 
with se\cial small poitions of cold pdioKiim ctlici the extiacts being tians 
ferred to a 50 ml I]ilenme\ei flash The digitoiiide need not be distiubed diu 
mg the extinction A feA\ flahes that lna^ come loose fiom the bottom of the 
flask quichlv settle and the ethei solution ina> he tiansfcncd In decantation oi 
a dioppmg pipette without distiulnng them 

Ten milliliteis of natei neie added to the digitonide and genth boiled for 
ti\o minutes It nas allowed to cool, and 20 ml of acetone woie added Aftei 
thorough mixing, the solution and suspended digitonide neic tiansfciied to a 
50 ml conical bottom centiifuge tube and the flash waslied once nith a little 
acetone It is not ncccssal^ to iemo\e all the digitonide fiom the flash 

The tube nas then centiifiigcd at about I'lOO oi 2000 i p m for fi\e oi ten 
minutes and the supernatant solution eaiofulh decanted V fen millihteis of 
mctlijl alcohol nere boiled in the flash in nhieh the digitonide had been pie 
pared and tiausfoned to the ceutiifuge tube nhoie the\ weie again boiled The 
hot solution iras finnlli tiaiisfeiied to an oxidation flash The piecipitation flash 
and tube mcio nashed tnico nith boiling inethxl alcohol and the washings added 
to the oxidation flash TIic cliolostciol was oxidi7ed nctoiding to Bo\d 

Dctcnmnafion of Bound Cholcttool and Xcniial Pat Patty Acids — 
The petroleum ether extiacts of the free cliolcsteiol digitonide contained bound 
cliolostciol and ncutial fat The pctioleum cthci was e^apolated and the lipid 
dissohed m 5 ml of alcohol and saponified on the steam bath with 0 1 ml of 50 
per cent potassium Indroxidc foi one Iioin AVhen the alcohol had o\aporated 
until no odoi lemaincd, the soaps were acidified with 1 ml of 20 pci cent phos 
phone acid The acid solution was heated on the steam bath for a few minutes 
and the lipid extracted sexeial times with boiling petioleum ethci The ethoi 
extracts weie tiaiisfeiied to a 50 ml Kilcnmcioi flash and 2 oi 3 ml of 
digitonin solution weie added Tlic flash was placed on the steam bath until dr\ 
The fattj acids weie extracted fiom the digitonide in tlio same manner as had 
been the fatti acid cstcis fiom the free cholestciol digitonide and tiansfcrred 
to an oxidation flash The bound cholcsteiol digitonide was tieated exactl 3 as 
the free 

^etcj mination of Conjugated Lipids — Tn the fiist senes of anahses the 
conpigated lipids weie fiactionated into lecithin, ccphalin, sphingomyelin, and 
ceiehrosides in the following mannei 

The acetone insoluble material, whicli contained the ceiebiosidcs and the 
‘’tioiituini ciiloiidc salts of the pliospliolipids w i*- dissohed in 0 2 nil of chloio 
foini, and 0 2 ml of aninioniatcd metlijl alcoliol was added to decompose the 
die salt The ammoiuated mctlixl alcohol was piepniecl bj dissohing 15 ml of 
per cent ammonium In dioxide in 86 ml of metlnl alcohol This makes, ap 
Proximateh , a 5 pci cent solution of ammonia 
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The aminoniated solution was allowed to remain for a short time at room 
temperature. The chloroform, alcohol, and ammonia were then drawn off irift 
reduced pressure. Bumping was prevented by holding the tube partially on its : 
side and rotating it. ■ 

The dried mixture was then dissolved in a minimum volume of eldoroforra 
(not more than 0.2 ml.), and about 5 ml. of petroleum ether were added, i 
Sphingomyelin and cerebrosides precipitated, while the unsaturated lipids, I 

lecithin, and cephalin, remained in the solution. The tubes ivere centrifuged at = 

about 2,000 r.p.m. until tlie supernatant solution was clear. The petroleum etlier 
solution ivas transferred into another centrifuge tube, and the centrifugate - 
wa.shed with 3 ml. of petroleum ether. The petroleum ether solution of llie 
lecithin and cephalin was evaporated on the steam bath while the suspended 
sphingomyelin and cerebrosides were being centrifuged from the petroleum ether 
rvashings. This ivashing was then added to tlie lecithin and cephalin and boiled 
to about 0.2 ml. 

Five milliliters of absolute alcohol were added to this petroleum ether solu- 
tion and the cephalin precipitated. After centrifuging, the supernatant solution 
was decanted into a 50 ml. Erlenmeyer flask. The cephalin was washed once 
wdth 3 ml. of absolute alcohol and the washings (separated by centrifuging) 
added to the lecithin solution. The cephalin was transferred to another 50 ml. 
Erlenmeyer flask by means of chloroform. 

The sphingomyelin-eerebroside mixture was then extracted tw’ice with 3 ml. 
portions of cold pyridine. This solvent dissolves the cerebrosides hut not t le 
sphingomyelin.’-’’ The washings were transferred to a 50 ml. Erlenmeyer fins '■ 

The sphingomj'elin was dissolved in chloroform and also transferred to a 50 m . 
Erlenmeyer flask. 

The solutions Avere evaporated to dryness and saponified in 95 per cent alc^ 
hoi, wdth 0.1 ml. of saturated potassium hydroxide. The extracted fatty 
were determined by oxidation. 

In the second series of analyses, the petroleum ether soluble and 
fractions were not subdivided, but each was transferred to a 50 ml. Ei en . 
flask and saponified. The fatty acids were made up to volume with petro e 
ether in a 25 ml. volumetric flask, and an aliquot removed for oxidation. 

Calculations. — The fatty acids of lecithin and cephalin w'ere calculate 
being oleic, and those of sphingomyelin and the cerebrosides as 
calculate the weight of each of the conjugated lipids, the w'cight of its co 
tuted acid w-as multiplied bj^ the follow-ing factors : 

9 14 

LeeitMn 1.39 S^ilungoniyeUn "’^g 

Cephalin 1.32 Kerasin 

In the last set of analyses, when the lipids were dimded into only fgr 

and unsaturated fractions, the factor 2.15 ivas used for the formei an 

the latter. ncutml 

Neutral fat was calculated by multiplying the number of grams of 
fat fatty acids, figured as oleic, by the factor 1.04. 
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Free and bound cliolesteiol weie calculated by multipljing the number of 
milliliters of 0 1 N potassium peimangaiiatc lequiied to oxidize the digitonide 
bj the factoi 0 097G 

Results — Tables I, II, and III show the icsults of analyses of noimal and de- 
generated ncr\es 


Tabie I 

Netve Analyses in Which the Conjug^tfd Lipids Weke Fractionated* 


RAT 

neltp \l 

FAT 

FFEE 

THOLES 

TEROL 

BOUND 

THOLES 

TEROr 

1 FTITIIIN 

< FPII \LIN 

SPIIINGO 

MYEI IN 

KEFASIN 

Normal 

0 70 

3 12 

0 150 

0 34 

2 SO 

1 02 

5 93 

Normal 

1 53 

2 92 

0 137 

647 

2 so 

1 .39 

5 GO 

Normal 

0 08 

2 41 

0 148 






Normal 

1 06 

3 50 

0 100 

(i 55 

4 08 

1 02 

4 54 

Normal 

2 48 

3 47 


8 04 

> 30 

1 70 

5 52 

Itean 

1 35 

3 08 

0 

6 85 

3 50 

1 50 

5 42 


First Group, Degeneration of 

I ( i 



1116 

0 81 

3 50 

0 no 

5 94 

4 70 

0 38 

3 08 

HIT 



3 89 

_ 

_ 

4 34 

1 09 

3 17 

1084 

0 30 

2 59 

0 121 

5 OO 

5 99 

1 83 

5 55 

lOSa 

0 41 

2G3 

0 074 

4 8t 

3 50 

0 77 

3 20 

1093 

1 86 

3 10 

0 180 

- — 

4 14 

1 OS 

2 79 

1103 

2 01 

3 20 

0 100 

6 99 

2 20 

1 90 

2 06 

Mean 

108 

3 42 

0 loo 

5 85 

4 18 

1 29 

3 32 

Per cent change 

-20 0 

+11 0 

+4 57 

14 6 

+104 

173 

38 7 


Second Group, Degeneration of 

'' iittaminost't A 




2 02 

2 53 

0 331 

0 45 

3 45 

193 

— - 

£4452 

2 94 

2 45 


0 04 

4 01 

1 09 

2 32 

£4405 

3 45 

2 41 

0104 

5 00 

2 05 

1 44 

3 15 

£44(6 

1 71 

2 30 

0 048 

5 01 

1 23 

0 54 

3 32 

E4481 

2 60 

2 44 

0 171 

7 83 

3 12 

0 86 

4 84 

Mean 

2 00 

2 44 

0 JO** 

0 20 

2 00 

1 17 

3 41 

Per cent change 

+97 0 

-20 8 

+0 54 

9 40 

17 1 

-25 0 

-37 0 


•Figures represent per cent ot motst weight 


Table II 

J'’ep\e Analases in ■Which Conjlgated Lipids 'Were Fpactionated Into Satupated and 
Unsvtupatfd Groups Onl\ 


PAT 

NEUTRAL 

FAT 

BOUND 

CHOLESTEPOL 

FBFE 

CHOLESTEPOL 

S VTUPATED 
CONJUGATED 

LIPID 

UN SATURATED 

CONJUGATED 

LIPID 

iNormal 

Normal 

Normal 

Normal 

Normal 

Normal ! 

Normal 

^’orraal 

Moan 

1121 

112-’ 

1124 

1125 

1129 

Mean 

— Per cent ohnnwA 

0 00 

0 50 

0 70 

1 60 

2 18 j 

1 07 

1 22 

Dege 

1 19 

0 99 

0 69 1 

0 98 

0 48 

0 87 
+28 7 

o'li 

1 10 

0 21 

0 20 

019 

neration of Av 
0 30 

0 24 

0 32 

0 31 

0 29 
+0 53 

3 73 

3 50 

2 80 

2 73 

3 22 1 

atamtnon^ A 

2 55 

3 30 

2 48 

2 73 

2 77 
-14 0 

4 00 

5 80 

5 07 

5 20 

0 17 

0 02 i 

5 40 j 

5 08 

5 49 1 

4 45 

4 10 

3 93 

3 57 

4 44 

415 

-24 4 

11 4 

10 0 

11 1 

11 1 

10 5 

12 2 

100 

11 1 

7 84 

12 40 

7 84 

1340 

11 00 

10 34 
-7 20 
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Table III 


A Comparison of the Normal Nerve Matter Given in the Literature IVith Tiht De 

TERJIINED BY THE AUTHOR 


INVESTIGATOR 

CHOLESTEROL 

[ PHOSPHOLIPID 

CEREBROSIDE 

TOTAL LIPID 

Smith and Mair23 

4.6 

7.6 

4.1 

19.7 



5.65 


1S.S 



7.6 


20.5 

Koch and Koeli^'* 

2.00 

5.39 

3.24 

19.5 


1.9S 

6.00 


17.2 

Koch and Voeglin^s 

3.34 

8.52 

3.36 

1S.4‘ 

Jordan, Eandall, and 

1.36 

4.40 

1.73 

15.8t 

Bloori-* 





Mott and Halliburton^' 


9.49 



j 


Leci- Cepha- Sphingo- 





thin lin ravelin 



KochcA 

4.S6 

5.19 3.49 

4.57 

19.3 


Free Bound 




Verzar, Arvav, and 

4.08 0.66 




Kokas26 

1.25 0.15 




Gassner2i 

0.31 





0.1 




Reiser 

3.08 0.15 

6.85 3.50 1.56 

5.32 

21.9{ 


3.22 0.19 

^'llU ' 5.49 

___ 


•Includes 3.49 per cent of sulfaticles. 

tlncludes S.35 per cent triglycerides, 

tincludes 1.21 per cent triglyceiides. 


DISCUSSION 

The results of the analyses of normal nerves agree closely ivitli the figures 
in the literature and are compared with those figures in Table HI. 
to this close agreement is the analyses of Jordan, Kandall, and Blooi. 
authors obtained values higher in triglycerides and lower in all other hpi s. 
haps this is because they used methods intended for other kinds of tissues v 
contain very different proportions of the lipids. The other analyses lepoi 
were made bj' the use of methods especially designed for nerve mateiia . ^ 

The evidence of the analyses presented above does not support the 
of Setterfield and Sutton^^ that the conjugated lipids are replaced ly ^ 
fat in nerve degeneration due to vitamin A deficiency. There appeals 
significant increase in neutral fat in the E group of animals in the rs s ^ ^ ^ 


mind that this fraction may 


not he 


of analyses. However, it must be borne in imiiu i.uai' ^ jp 

nerve material at all but fat from coimective tissue which may hai e a ler^^ 
the nerve during its excision. The animals of the E group were iiinisua 


for vitamin A deficient animals and one or two per cent more it ^gutral 
adliered to these nerves. It is also possible that this fraction was no 
fat but unsaturated cerebrosides soluble in acetone. 

The changes in free and esterilied cholesterol cannot be 50 

nificant. Even though in the second series the cholesterol ester ^ 
per cent and the per cent deviation was very small, the total amoiin 
that a larger series of determinations ivould have to be made be ore < 
nificanee could be attached to the increase. gjl 

The changes in the conjugated lipids present an interesting ^ jjjpgo- 
analj'ses, the petroleum ether insoluble lipids, wliieh are consideie ^ soluble 
myelin and kerasin, decreased considerably. Yet the petroleum e 
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phosphatides slio^\ed no significant deciease, but did, in one senes, increase as 
much as 19 pei cent 

The deeieasc of phosphatides and then icplacement ^Mth neutial fat can 
not, therefoie, account foi the disappeaiancc ot the anisotiopic mateiial in these 
degenerating nei\es This conclusion can be suppoited bj e\idence fiom the 
literature TIius, Ufott and Halliburton*® and Staj”' ueie able to find no de 
crease in the lipid phosphoius of the sciatic nei\c during the first se\en da^s of 
Wallerian degeneration Yet Setterfield and Sutton*-’ ha^ e sliown that about half 
of the anisotropic mateiial has disappcaicd duiing this time IMott and Halli 
burton also noticed a positnc IMarchi leaction in degoneiating neives before 
there "was anj change m phosphoius content 

It IS possible that the paradoxes can be explained on the basis that m a nor 
mal fimetioning nenc, the conjugated lipid mateiial is m an otganized form, 
perhaps in some conjugation uitli piotem It is this organized material that 
IS bnefringent and fails to stain uith the fat stains The first stage of nerve 
degeneration ma^ then he postulated as being a breakdown of this organization 
The lipids aic still in the none, but aic nonfunctional, do not rotate polaiized 
light, and can he stained The fact that the organized fats of living tissues do 
not stain is a\cU Knoivn and has been emphasized bj Wells 

The next step is the removal of the lipids fiom the neiie In accoid with 
the evidence piesentod in this papci, the stable saturated hpids maj be con 
verted to the moie labile unsatiuated ones and thus be lemoied 

Evidence that phospholipid is increased in degenerating nci\e material has 
been presented in the litciatuic Pighini and Fontesesi*® ha\e shown that 
phospholipids increase during the aseptic autol>sis of the spinal cord of a dog 
Backhn® found a deeieasc in ceicbrosides and a possible incicase in the phospho 
hpids of brain dunng auto)} sis, and Singer*® found an increase in phospholipid 
content of the fiontal lobes in piogrcssne parahsis Koch,^* houe\er, found a 
decrease in phospholipid in the central nel\ous system during general paialysis 
Koch and Voeglin*”’ observed a much greater decicase m the cerebrosides than in 
the phospholipids in the spinal cord in pellagra 


sujimvrx and conclusions 


1 A new micromethod foi the partition of the hpids in neive mateiial has 
been developed 

2 An acetone soluble material, not cholesteiol, was found m the sciatic 
iiervcs of albino lats 

3 Theie is a deeieasc in the satiiiated conjugated hpids, calculated as 
sphingomjelm and kerasin, dining neive degeneration due to lack of vitamin A 

4 There is no deciease in lecithin and ceplialm during neivc degeneration 
due to lack of vitamin A 

5 Bound cholesteiol was found in neive tissues 

3 Free cholesterol does not change significantly during neive degeneration 
due to lack of vitamin A 

The significance of these findings was discussed 


is deeplj obligated to Professor J F Ljman v.ho suggested this work and 
Suttn^ counsel was alwajs available He also appreciates the assistance of Dr T S 
Who supplied the nerve material 
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AIETASTATIC BONE CARCINOMATOSIS ASSOCIATED WITH PARA 
THYROID HYPERPLASIA AND WITH SIMPTOJIS 
or HYPERPARATH\ ROIDISJP 

With Blood Cm lium vnd Phosphorus Studips Bfiori \\d Aftpr Extirpvtion 
01 V IHpFRPLVSTIC P\R\TfnROID (iLWD 

S Bln Ashfr, M D , JritsFV Cit\ N J 


T he lolc of the paiathjioul "lands in eaUiiim metaliolism is no^\ \\cll leeog 
nizod The investigations of Hanson" and Collip'’ have demonstiated that 
these glands produce a hoimone vvhase function is to icgiilatt the calcium level 
of the hlood In]eetion of tins hormone m animals and in the human being 
produces a use in the level of the seium calcium f EMiipation of the para 
thvioid glands piodutes a state of tctaiiv with a fall ol serum calcium In 
ceitam pathologic states alteiations of the paiathvioid glands sometimes occur 
In osteitis filnosa cystica, oi hvpcrpaiathvroidism in winch condition there is 
a constant hjpercalccmia, an adenoma of a paiathvioid gland is usuallj found 
This adenoma is consideicd to be the primaiv and ctiologic factoi in the produe 
tion of the disease Removal of the adenoma is lollovvcd clinical improve 
ment, with a fall of the blood calcium to noimal levels The disease has been 
produced e\pcrimentallv b;j the prolonged adnnnistialion of parathvroid hor 
monc ® 

The sjTidiomc of hjperparathMoidism is now a well lecognizcd clinical 
entitv The diagnosis is liased upon a histoiv of renal calculi and artlintic pains, 
the piescnce of hjpeicalcemia, livpophosphatemia, and an increased e\cretion 
of calcium in the urine , the finding of muscular hj potonia w idcspread rarefac 
tion of the bones, and a paiathvioid tumoi Of these the hvpercalcemia and the 
changes in the bones aic the most cliaracteristic findings The piesence of a 
high serum calcium in a patient with muscular hv potonia, oi aithritic pains, 
should lead one to suspect hviieipaiMhjroidism 

Although the x lav of the bones and the blood findings aie characteiistic, 
confirmation of the diagnosis is sometimes veiv difficult, as evidenced bj repoits 
iR the literatuic of cases operated upon seveial times in an attempt to find the 
adenoma The difficulties encounteied m the diffeicntial diagnosis aie ex 
emphfied b> a case repoited b 3 Mason and Waiien* Their patient presented 
'Mdespread bonv changes, hjpercalccmia, and a negative calcium balance A1 


Jersej'citr Departments of the GreenMUe Hospital and the Vledfcal Center 
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though the x-ray examination of the bones suggested metastatic carcinoma, a 
search was made for a paratliyroid adenoma. At the operation a mefastafic 
eareinoma to the thyroid and parathyroid glands was found which originated 
from a mammary cancer removed five years before. The hypercalcemia, they 
.state, was either due to an associated hyperparathyroidism, or wa.s an accom- 
paniment of w'idespread bone metastasis. 

In rickets, osteomalacia, and osteogenesis imperfecta, in which conditions 
there is a loiv level of serum calcium, hj'perplasia of the paratliyroid is often 
found. This hyperplasia is considered to be secondary in nature. 

In 1923 Klemperer^ reported a ease of lireast carcinoma with metastases to 
tlie bones associated with parathyroid In’perplasia. Barr and Bulger' in 1930 
reported a case of multiple myeloma with parathyroid hyperplasia, Ipper- 
caleemia, a negative calcium balance, increased urinary calcium and metastatic 
calcification in the lungs, stomach, and kidneys. Tliej^ considered the hyperplasia 
as secondary to the hone changes, and the hyperealeemia as a manifestation of 
increased function of the parathyroid glands. 

Thus ive find two instances in the literature of parathyroid hyperplasia oc- 
curring seeondai’y to wide.spread hone destruction: one case, that of multiple 
myeloma, was associated with hJ^)ercalcemia and other symptoms of hyperp®*"'' 
thyroidism ; in the other case of metastatic carcinoma there w'ere no calcmm 
studies recorded. 

A ease is presented here with definite bone metastases associated with pam 
thyroid hyperplasia, and avith symptoms of hyperparathyroidism. Blood ca 
cium studies were made before and after the extirpation of a hyperplastic para 
thyroid gland. 


CASE REPORT 

Clinical History; Patient A. G., a man aged 58 years, wa.? admitted to the ®'^**’*. 
Hospital on Nov. 5, 1935, eomplaining of pain in the right shoulder and right ami, 
hip, and right leg. The family history was insignificant. His previous 
except for “flu” in 1918. There was no history of any venereal infection. 
in good health until about two jnonth.s previously, when he began to have pain o 

shoulder and right arm. He consulted a physician who informed him that he Iiad 
About one month later he began to have pain in the right hip radiating down 
His pain gradually became more severe, and he lost about 10 pounds in weight, 
no gastrointestinal, respiratory, nor genitourinary symptoms. 

Physical examination revealed a rather thin, somewhat emaciated adult. 
were ratiser flabby. There was slight limitation of motion, about the right shoulder 
thyroid gland was not enlarged. There were no masses nor enlarged glands felt m 
The heart and lungs were normal. Examination of the abdomen did not reveal anj ' 
normal. The prostate gland was not enlarged. There were no nodules in the axillae nor 
supraclavicular regions. The reflexes were normal. The blood pressure was 120/80. 

The laboratory examination revealed the following: The urine was negative 
albumin, and Bence-Jones protein. There were no red and white blood cells. {elh 

hyaline cast was seen. The blood count showed a hemoglobin of SO per cent, re [|g,,y(e 5 

4,580,000, white blood cells 8,800, polymorphonuclear cells 70 per cent, snia! . 

21 per cent, monocj-tes 6 per cent, and eosinopliiles .3 per cent. The blood per 

nonprotein nitrogen 32 mg., urea nitrogen 16 mg., calcium 14.2 mg., phosphorus -. 

100 c.c. of blood. The phcnolphthalein excretion was CO per cent in two hours, 
mann and Kahn tests were negative. 
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X rnj studies of tlic genitourinur^ tritt, chest, niul g istiomtcstin il trntt 0*1% e 
negatne results X ra\ e\nuiiintiou of the right humerus (Fig 1) showed i laige nmiti 
locuhr c\8t m the upiicr third of the slmft with expansion and tlunmng of t)it coitex Tliere 
was some rarefaction of the bone below the cjsl \ ia.j of the si all (I ig J) showed multiple 
areas of rnrefnction Tliese ire \aricd in size fiom inch to 1 inch m diameter llie 
surrounding structure showed no changes Tliere avas some rarefaction in the bones of the 
pelvis and right femur and in both fibulic These findings suggeste 1 bone metastases, al 
though rarefaction due to hvporparathyroidism coull not be excluded 

On Xmembor 9 tbe pitiont was placed on a low calcium diet and after three dais the 
calcium and phosphorus in the urine and stool were dofcrinined foi the following throe dais 
Tlie results of these studies are shown in Tables I II, anil III 

Tibie I 


Caicium vnd Piiosinopi*? Intake 


I)\TE 

( M Clt M 

1 n ispnoi T s 


ing 

mg 

Nni ember 0 

10() 

14J 

Noiomber 10 

no 

410 

November 11 

120 

150 

November 12 

no 

1(2 

November 1'' 

118 

IfiO 

November 14 

102 

12C 




Table IF 





Calcium Intvke an» 

Oi m T 





rviin M 

01 TPl T 


D\TE 

CVICIUM INTVKE ^ 

STOor 



mg 

mg 

mg 


November 32 

no 

lOh 

"2 4 


November IT 

118 

124 

30 C 


November 14 

102 

14( 

2( ( 




— 

— 



330 

370 

O') 0 


Total 

calcium intake 

TO 0 mg 



Total calcium output 

471 ( mg 


. 

Negat 

i\e balance 

141 1 mg 



Table III 

Ssruvr Caicium and Piiospiiorus 

DATE 

SFRUM CALCIUM 

SFBl M 1 IIOSI HOP 1 S 


mg 

mg 

Nov (i, 1035 

14 2 


Nov 8 1935 

13 8 


Nov 10, 1935 

14 0 

2 2 

Nov 12, 1935 

14 0 

2 0 

Nov 13, 1935 

102 


^0V 14, 1935 

14 2 


Nov 15 1035 

14 S 

1 S 

Opention Nov 18, 1035 



Nov 22, 1935 

14 0 


Nov 27, 1035 

13 2 


Bec 10, 1935 

12 6 


Dec 23, 1935 

114 

2 4 

Jan S, 1930 

22 6 

3 2 

Jan 27, 1930 

13 2 

2 2 

Feb 4, 1930 

130 

2 r 

May 0. 1036 

134 

28 
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It was evident from tiiese studies that the patient had a persistent Inper- 
calcemia. The blood phosphorus was low. The normal relationship of a higki 
calcium excretion in the feces was reversed, so that there was an increased ratio 
of calcium in the urine to the total amount of calcium excreted. The patient Mas 
also in a negative calcium balance. Because of these findings, an exploiation 
for a parathyroid tumor was deemed wai-ranted. 



Fi?. 1 — Roentgen ^a^ of riglit humerus, shou ing multilociilai ca st forniatio 


Opei’ation was performed by Dr. H. Jaffe on Nov. 18, 1935. The o^^°^ 
is the report: “Under general anaesthesia of gas and ether, a typical co 
cision was made as for thvroid. In the region of the right upper pole sorn 

* ^ j? 1+ Thp rj^nt. 

posteriorly a rounded nodule, the size of a hazel nut, was felt, a •= 
was grasped with a Lahey goiter forceps and the lobe completely dis oca 
allowing access to the posterior surface. In the region of the infeiioi P 
appeared to be an enlarged parathyroid gland was found. This va 
as well as the nodule within the upper pole of the lobe. The small mass o 
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lueasuiecl 9 b\ 4 bj 5 iiiiii aiul the target 3 8 em in (liainetei The same pto 
eodiuc -nas followed on the teft side, but no masses -Here found The glands neie 
replaced and a caiefnl seaicli belon the legion of the isthmus and in the uppei 
thoiacic space iias made No other abiioimallj situated enlarged parathjioid 
lias found ” 



Fig 2— Lateral view ot skull showing aieas of rarefaction 


The lollowmg is the patliologic lepoit ot the e\ciscd specimens (Di W 
Antopol) 

Gloss rxaniination (a) A smill noJulc of men'iunng 7 bj 2 bj 4 nira ,* appears 

to be eneapsulnfed On cut *Ci.tion this ihon'- a brounjs}) Jiomogeneous color (b) A mass 
of tissue, about 1 5 cm in diameter, which on cut '^ettions shows e\tcn':i%e colloid areas as well 
3s small areas of hemorrhage 

i/tcroscopic SramiTta/wn (Fig 3) (a) Resells the ‘smaller nodule to be composed of 

Poljhedral cells with abundant clear cjtopla'^ra and a single round nucleus which contains eon 
siderable chromatin Thc^e celK are arranged in the form of nests and aheoli No glandular 
or cystic elements are noted (b) Reveals thjroid tissue with a considerable amount of colloid 
’a distended aheoli, areas of hemoirliagc, and fibrosis 

^iciffnosis SyperplasUc parathyroid The patient stood the operation verj well The 
daj he wa<» quite comfortable For the remaining dajs in the hospital he complained 
of pam in the right shoulder and right leg His blood calcium was still high He refused 
fo sfaj in the hospital anj longer and was di'wiharged on Noi 27 393o 

Examination of the patient on Dec 16 1935 at the office showed tint he wa*; gradually 
Rtttmg worse The pain in the light ‘ilioulder and right leg was verj severe His appetite 
"as fair, but he felt weaker His blood calcium «a** 32 4 nig and his blood plio^-pliorus was 
2 0 mg 

ft was felt that i re exploration might reieal another parathjroid enlargement which 
"lien removed would result in improiement On Jan 8 1930, he was admitted to the Medical 
Center An operation was performed bi Dr R Lohbnn on Jnn 10, 1936 The neck and 
"Pier thoracic space were thoroughly re explored, but no other parathyroid enlargement was 

discovered 

The (liscjepnnc> in the mensiuements is due to the shrinkage of the tissue m the formalin 
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Fig. 3. — Microscopic appearance of the hyperplastic parathyroifl gland. 



Fjg. 4 . — Microscopic appearance of a biopsy of the right humerus, 


showing metastatic earem 

A biopsy of the right humerus tins taken and following is the patho g 

(Dr. N. Alter) : _ _ cl«iiw'° 

Microscopic section of the bone marrow (Fig. 4) shows no characteristic > 

These have been replaced by a neoplastic growth nhicli consists of nuclei. 


There is great variety in shape and sire or hut 

There is no evidence of efroir'" 

are areas of nocro‘>is where poljTiuclears are present; otherwise, there is little 
with lymphocj’tic reaction. 


elongated, epithelial cells, 
epithelial cells form solid cords and masses. 
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Jfirroscopicdl JJinijnCfii itic circinonn of bone ninrrou 

■ Tlie pnt.cnt d.wlnrgecl on .Tin JO, 193f Evnm.mtion of tile pitient on Maj G 

5 193C, at the office slioncd tint the patient Ind loat a great deal of neiglit and felt very ncal 

( Ho complained of a cough nli.cli begin three neeka before Tliere naa moderate dullnesa in 
llie right infraclnMcular region mtli bronclioveaieular breatliing Tlic pubo nas neak and 
' npid 

An of tho clicst rc^c'iled an irro^ruHr ilen>ac slndou, molie^ in length nucl 1 
inch in nnlth, beginning nt the right lulus and extending upn-iid tomrd the right chTicle 
Its margin naa irrcgul ir duo to amall «itriac •spreading out into the adj icont tissue The ap 
pearanco of tho «hado\\ nas tliat of in expanding Itcion 

Examination of tlie sputum ua<s negatne for tubercle bicilh He refused hospit ilization 
and bronchoscopic examination It na-? bclic\cd that tho lesion was a bronchiorrenic car 
cinorna, nifh mctasfascs to the bones ° 

On ^ra^ 21, 1030, the patient had a profii<o liemopta si«? Tlie signs m the chest nere 
more marked He nas confined to hed, nitli repoitod itt icks of hemoptysis Ho giadually 
ecame neaker, and died on Noi 5, 1936, nt Ins lionic Permissjon for autops\ nas not 
granted ^ ^ 


DISCUSSION 

The case presents many points of inteiost It has gencialh been accepted 
■It nporealcemia associated wifli larefaction of tho bones is pathognomonic 
0 iJlieipaiathMoidism The paiatlmoid In pei plasm or adenoma found in 
tus condition is tho pumaiy cause, and the clinical samptoms aie the result of 
merensod paiathyzoid function In the case picsentod licio llic Inpoicalccmm 
Was found to bo associated uitli metastatic caicmoinn of the bones and ^\lth para 
tijioul h}*peiplnsin A seaich thiougli the liteiatiuc fails to leycal a similar 
Wse inth blood calcium studies following the remo\nl of a hjpeiplastic para 
tn^ roid 


The question niises whcthci the Inpcicalccmia was the losult of hjper 
unction of tho paiatlmoid, oi whcthci it was due to cxccssnc bone desti notion 
•'ui and Bulgei bclic\c tliat in then case ol multiple nneloma, the 
calecniia may ha\c leflectcd incieascd function of tlio paiatlmoid glands 


It Will be noted that in oui case the iemo\aI of the Inpeiplastic paia 
lyroid gland did not i educe the seium calcium to noimal, but the calcium 
G\el A\as somewhat lowoi tlian licfoie the operation It should also be noted tliat 
*c loweiiiig of the scinm calcium was obsened ten days after operation and 
‘jsted toi about ten x\efchs, attei winch thcio ^\as a slight use It seems leason 
J ® assume that both the bone desti uction and the hyperplasia ma-s ha^e been 
• ctois in piodiicnig the Inpcicalccmia, and, as Ban and Bulger suggest, the 
■one changes may ha\e stimulated the paiatlmoid which m tuin aggravated the 
Condition It must he conceded, however, that the failure to find anothci patho 
Ogle paiatlmoid m the second attempt docs not eliminate the possibility of an 
■noimalh situated one, which would account foi the peisistcncc of the hyper 

oaleemn 


It viould fuithei be of niteiest to discuss the natuie of tlie paiathyroicl liy 
Porplasm The finding of a paratliyioid tiimoi in a ease of osteitis fibiosa cystica 
Uas fust lepoited bv Askanazv’^ in 1904 BKiheim'* latei noted the frequent 
oeciuieiicc of paiatlmoid Inpeitiophy in iiekcts and concluded that the hypci 
P ■' lepiesciited an attempt at compensation foi the calcium changes in tho 
This theoiy was gcncially accepted and applied also to osteitis fibrosa 
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cystica. HofSieinz® later pointed out that in practically all eases showing para- 
th 3 ’Toid hj’perplasia, only one gland ivas found involved, which fact is a sirong 
argument against the theory of compensation. 

In 1925 MandP° transplanted four normal human parathyroid glands from 
a patient djdng as a result of an accident into the abdominal wall of a young 
man with osteitis fibrosa cystica. The patient instead of getting better became 
worse. A month later Mandl explored the neck and found one of the parathyroid 
glands to be the .site of an adenoma. The gland was removed, foUoived by strik- 
ing sy'mptomatie improvement. He thus showed that the changes in the para- 
thj'i’oid gland in osteitis fibrosa cj'stica were the cause rather than the result o! 
the alteration in the bones. 

Klemperer suggests that in his case of bone carcinomatosis, the In-perplasia 
might be considered as a fruitless attempt of the body to compensate for the loss 
of calcium, and that it might be conceived as a hj'pofunetioning rather than a 
hj'perfunetioning gland. 

Barr and Bulger believe that in their case of multiple myeloma, the Inper- 
plasia of the parathjmoids is seeondaiw to the bone changes and that the Inpcr- 
calcemia is a manifestation of hyperfunction of the glands. 

It is obvious that in our case, also, the hyperplasia was secondary to tho 
bone changes. Since the removal of the gland resulted in somewhat lower ew 
of the blood calcium, it is reasonable to conclude that the gland showed ei i 
of hjTierfunction. This would support the theory of Erdheim of compensa or) 
hjTierplasia. _ 

We thus find eompensatoiy hyperplasia in conditions associated vith 
serum calcium, such as rickets and osteomalacia, and also in states w 
serum calcium is high. This apparent paradox is difficult to explain, w 
studies of parathyroid phy'siology might throw more light on this su jec - 


SUMMARY 


A case is presented ivith metastatic carcinoma associated with 
hyperplasia and ivith synuptoms of hj’^perparathyroidism, such as 
a negative calcium balance, and increased excretion of calcumi m 

normal level of 


Eemoval of the gland resulted in a somewhat lower but not 
serum calcium. The nature of hj^percaleemia and the hyperplasia is 


sscd- 


I wish to thank Dr. H. Jaffe, Dr. R. Lobban. Dr. Wm. Antopol. and U'’- 
their invaluable aid in this ease. 
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THE REVERSAL Or KIDNEY YOU HE RESPONSE ACCOJIFANl ING 
ABOLITION OP THE CENTRAL NERYOl S SISTEM* 


Edwakd C JUson, JI D , Prt I) , \\d Piiilii Hithicock, H S 
Okhiiomv Cm OkLv 


^OHNHEBI and Ro}'' (1883) Hi's! demonstrntod tlie \asoconstiiction pro 
^ diicod in tlio kidnej bj itimiilation ot the splanohnic nei\c Biadford“ 
(1889) lepeated this ohsonation and also sho«cd that stnmilation o£ the nervo 
nt a Ion fioqueney (about 1 pet second) piodiues dilatation ratlioi than eon 
stiiction of the Kidno} Baidiei and PicnKoP (1899) studied tlie t asoconstriotoi 
action of adienal evtiact on the Lidnej, and, m two instances, observed a slight 
met ease in volume 


One of ns (E C JI), while vvoilcing in the laboiatoiv of Dr D E Jack 
atm (1920), ohseivcd a inaiUed mcicase in Kidiiej volume following the do 
strnetion of the ccntial neivous system and the admiinstiation of epinephrine 
Since the authors have hccii unable to find anj lefeience in the literatiue to 
studies on the relationship between the dcstriietion of the central nervous system 
and kidnej volume lesponse, we have lepeated oni ohscivations and attempted 
to find an explanation foi the icveisal of kidnej volume lesponse undei such 

conditions 


T\I^RmE^TAL PROCFDtRr 


of the expciimeuts ^^ele peifoimcd on Iicaltli^ dogs, langing in weight 
( to 20 Ivg Tlie^ ^\eie anesthetized cithei A\itli etlier oi iMth sodinm pento 
barbital (nembutal, Abbott), ethei being used m the majontj of the experiments 
J nembutal uas used, it Mas injected intiapeiitonealh in doses of 1 grain per 
b pounds bodj weight, augmented bx intiaxenous doses of one tenth the original 

)^bcn r equned 

•Prom the Department of Phjsiolosj Unlverslti of Oklohoma School of Medicine 
Scj,. ,^*0ed in part bi a Rrant from the Re^seaich Appropriation of the TJnlversitv of Oklahoma 
or Medicine 

April report presented before the American Phjsiological Societ> Memphis Tenn 

Received for publication September 22 ''93^ 
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Blood pressure ^Yas recorded from the right carotid artery, using a morcnry 
manometer attached by rublier tubing to a glass arterial canmila. Tlie recording 
system was filled with 20 per cent sodium citrate. Tlie Jackson kidney and 
spleen oncometers and recording tamliours were used to record kidney andsplcfn 
volume changes. The kidney oncometer Avas usually placed on the left kidney 
since the right lies somewhat higher in the abdomen than the left, its pedicle 
is shorter, and it is usually bound by a heavy renohepatic ligament Avhicli imisl 
be torn loose, producing severe trauma to the kidney, and frequently partial 
decapsulation or rupture of the inconstantly present blood rm-ssels to the kidney 
or adrenal gland. 

Injections of epinephrine were made directly into a 2 cm. section of the 
right femoral vein, exposed just below tlie inguinal ligament. 

Destruction of the Central Nervous System . — The scalp is .slit in the midline 


from just anterior to the occipital protuberance to about 2 cm. behind theejes. 
whence the incision is carried laterally behind the eye for 3 or 4 cm. The 
temiroralis muscle is cut through, and the area of origination is scraped el«m. 
Using a Galt trephine, a hole is cut through the skull and the button of hone J 
removed. IVith the handle of a scalpel the brain i.s tlioronghly macerate . 
This procedure liberates brain tissue extract, Avhich is an efficient hemostatic, 
preventing death from hemorrhage. The ether bottle is quickly disconnectc . 
since anesthesia is not required after destruction of the central nervous system, 
and either a bellows or an artificial respiration pump is attached in its p acf' 
The animal ’s head is returned to its original position, and the pithing 


introduced through the foramen magnum. The pithing AVire is 


made of a singk 


t: _ , 

strand of 16 gauge copper wii-e bent back on itself and twisted. It is 
down the spinal canal with an interrupted, twisting motion, thoroughly 
ing the spinal cord. The ivii’e is then ivithdrawn, pushing it j, 

forward throughout the extent of the spinal canal, and the trephine m 
plugged Avith a gauze sponge. If pithing is complete, the blood piessuio 
fall to about 40 mm. Hg and maintain a constant IcA'el. 


KIDNEY VOLL.AIE CHAXGE.S IX RESPOX.SE TO EPIXEPHWNE 

Normal Besponsc . — In the normal animal the kidney' volume 
intravenously administered epinephrine is entirely', or almost entirely, 
tion in volume. Fig. 1 is the record obtained from an unpithed dog, " 

11.8 kg., anesthetized Avith etlier. The top line is kidney’ A'olume, 
line is blood prei!sure, the loAve.st is time in ten-.second intei'A'als and t ie 
line for blood pre.ssure. At the point marked (X), 0.3 e.e. of jjjat 

concentration of 1:10,000 aa’os injected intraA-enously’. It aaIH be ob-sei' 
the kidney' A'olume curve sIioaa's a marked fall during the time of the 
in blood pressure, a period during Avhich the constriction Avas 
corresponding to the maximal elcA'ation of blood pressure, and a return 
normal Ajolume. Inasmuch as the only' contractile element of any 
in the kidney is the musculature of the blood vessel Avails, it folloiA-s 
changes in Iddney volume must be due to changes in the caliber of t le a 
channels (Herrick, Es.sex, and Baldes, 1932^- 
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There is a deviation from tins reaction wliicli occiub occasionally. As 
shomi in Fig, 2 thole is sonietinies a .sliglit increase in the volume of the kidiiey 
aeeompaiiyiiig a slight fall in systemic blood pressure boiore the principal fall 
ill kidney volume and I'iso in blood piessiirc occur Fig. 2 slions not oniy the 
curves of carotid blood pressure and kidiie.v volume, but also the record of 
spleen volume as well. Tlio preliminary fall in blood picssnre and rise in kidney 
volume is probably due to active vasodilatation 



Pis' 1. FiS 1 


Kidney Vohime Reaction in Pithed Animal— The kidney volume icactioii 
to intravenously administered epinephrine is alteied by pithing, as is demon- 
strated in Fig 3 ^ jj record obtained fiom a dog weighing 7 kg Tlvc animal nas 
operated upon under ether, the brain and spinal cord were pithed completely, 
Olid artificial respiration was instituted. The upper curve is kidney volume, the 
middle line carotid blood pressure, and the lonest the base line and time record 
« '"dll be observed that the blood pressure is niiicli smoother than that in the 
onpithed animal and tiiat tlie blood pressure reaction to 0.5 e.c. of epinephrine 
U. -10,000) is a precipitous rise, the inaximum being approached more quickly 
man in the normal. 





Fig. 4. 
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Tlie kidney volume curve is characterized by, fiist, a fall of mucli smaller 
c\tent than the normal, a short pciiod durm" whicli the constriction is main- 
tained, and then an increase in volume to a level far nliove the noimal. The 
ascending: limb of the curve begins at about the time the lilood pressuie reaches 
its maximum. The final jiliasc is a descent to noimal, tlie kidney ^olume falling 
more rapidly than the lilood pressme, so that the tMO leach basal lc\els at about 
the same time. 



4 is presented in order to illustrate tlie difference in i espouse to 
adienalin bcfoie pitlimg and aftci pitlmig This tiaciiig i\as olilaincd Irom the 
animal as Fig. 2. It Mill be obscivcd that tlie .spleen \ohime deci eased in 
lioth tracings, but that tlie kidney soliimc response rvas just tlie icvcisc of that 
"hsened in Fig. 2 It is probable that the rarious otlier oigans do not respond 
'''i the kidney does, by dilatation after destruction of tlie cential nervous system, 
foi if such lesponse were generalized, there rvould of necessity be a diop in blood 
pressure rvith sucli generalized organ dilatation 

Apparently the anesthetic used was without maikcd effect on the lesponses 
obtained, since Figs. 2 and 4 were obtained from an animal anesthetized uitli 
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sodium pentobarbital, and tlie remaining Pigs. 1, 3, 5, and 6 were obtained from 
animals anesthetized noth ether. While there may be some difference in tie de- 
gree of re.sponse produced, the type of curve is approximately the same. 



HI'' ‘‘mmmmim 

X AJrOfjo/in 

2C,C, (1-10,000} 

Doi} PHhod-t3 

Fig. 6. 

nEUHCTIONS 

In searching for an explanation for this reversal of kidney consider 

following destruction of the central nervous system, we are force 
the following ; . 

Firsi: The ohstriiciiaii of the vmons refarr from ihe kkhicy. 
that any mechanical obstruction of the renal veins, such as jetiita 

by faulty application of the kidney oncometer, would interfere m 'j-gsponsc to 
circulation, and thus can.se an increase in tlio size of the kidnej since 

increased blood .sujiply. Tliis factor may be ruled out in our expem 
analysis of our results .show that (1) the return kidney volume to nor 


M\SO'f niTLIICOLK 1{L\LR'-M Ot KID\E\ \OLUML IlEbPONbE 


723 


panics the blood pressiue cunc, (2) ^\c h<i\e icpcatcdh obtained the same tjpe 
of cune from the same animal, icpiodiuinj; it as often as fifteen tunes, (3) an 
innls, such as the one piodiicmp: iccoids (2) and (4), ga^c a dccioaso in hidney 
lolumc icsponse befoie pithiii" and au meicasc following destiuction of the 
central nei\ous system 

Second Possible shotlW c condition of the animal uith an accompnni/iufj 
state of stimnlaiion of the la^tomoioi system If this o\phnation is otfeicd it 
must be consideicd as spccifi( foi the kidnc^ foi it will bo lecalled tint the 
spleen does not shaic the volume le^usal attci destiuction of the cciiti il nei^ous 
s}stem Also, if all othci oigans icsponded as the kidiic\ does the blood pi essiue 
would not show the sudden and maikcd iiso locoidcd The best icsiilts aie 
obsened when the oncometei is speediK and easih attaclied and when pithing 
IS done qinckh , in othei woids, the Ixst icsults aic obtaini-d with good not 
fault\, technique 

Third' Direct stimulahan of lasodilatoi nciie ending'' Baidiei and 
TrenkeB on two occasions obsenod \asodilation in the leiial \cssels attei small 
doses of the extract of the adicnai medulla Bibciteld'* and Ogawa** eonfiimed 
these lesults, although Blliott'' was unable to do so Also, it has been lepeatedh 
(iemonstiatcd that the kidne^ will jcspoiul to cpincphiine oi stimulation of the 
sphnehniG nei^c In dilatation attci the adminisfiation of eigotoune oi eigota 
mine The following two points suggest that the mcicase \olume i espouse of 
the kidnej is not due to the stimulation of the \asodilatoi none endings (1) 
fhe threshold of the ^asodlln^ol is low, lespondmg to minute doses of epinopii 

the concentration used to dcmonstiale vasodilating action usualh being 
1 100,000 m doses of 0 1 to 3 c c Oui experiments wore peifomed using con 
ccntrations of 1 5,000 and 1 10,000 in doses langing fiom 0 1 to 2 c c (2) Can 
lion and Ljman* found that epinephiinc did not pioduce vasodilation when the 
blood pressure fell lielow a ceitain minimal level, which Ihcv placed at 50 mm 
Hg, although it can be pioduced at such a blood piessurc level if ergoto\me is 
administered 

Poiuth Manipulation of the lidncy damaging the lasoconstiictois of the 
hdney This possibilitv is luled out bv (1) the lecoid obtained on a normal 
mtaet animal showing a decicise in kidnev volume wiiile the same animal, with 
out additional manipulation of the kidney, showed a leveisal of kidnej volume 
sftei destiuction of the central neivous svstem , (2) the best icsults arc obtained 
"■ben the maiupulatiou and kidnev damage aie the least 

Pifth The possible destiuction of lasocon^fiiction mechanisms low in the 
emd The possibility of destiuction of snbsidiaiv vasooonstiictoi eenteis in the 
•^ord must be coiisideied The destiuction of these centers, which aie possibh 
’w balanced opposition to the vasodilatois of the kidney, would pcimit adrenalin 
to act on the vasodilatois unopposed Honcvei, it is difficult to conceive how 
such a mechanism would involve the kidnev and not the other oigans, such as 
the spleen 

Sixth Passiie dilation pioduced hg the incicased blood pvcssuic In all 
the kidnev lespoiids in tlie pithed animal bv an initial slight dccioase in 
'olume followed by a marked inciease in volume, the maximum volume of the 
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kidney corresponding to maximum of the blood pressure. The two, kidney yo!- 
ume and lilood pressure, then decrease simultaneously and reaeli the basal level 
together. This wmuld be the sequence in passive dilatation of the kidney. 


CONCLUSIONS 


1. The kidney volume i-esponse to epinephrine injections is changed by ike 
destruction of the central nervous s.vstem, the response being essentially a rN 
versal of that observed in the intact animal. 

2. The increase in kidney volume accompanies the increase in blood pres- 
sure ; therefore, the response might be a passive dilatation of the kidney'. 

3. There is also a possibility that destruction of subsidiary vasoconstrickr 
centers in the cord allows epinephrine to stimulate the unopposed dilatating 
fibers of the kidney. 
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NEW APPARATUS FOR OXYGEN THERAPY® 


Charles F. Lombard, A.B., and Clarence Nelson, N.D. 
Lo.s Angeles, Calip. 


XYGEN therapy is often Jifc.saving when properly 
ev'er. the initial cost of therapeutic equipment, the expense 0 op 


aid 

inipropf 


o 

the discomforts to the patient as well as lack of safety, inconveine 
many more factors, contribute to the all too frequent denial 
administration of oxygen therapy. In order to overcome (Iip 

objections, v'ariovis types of apparatus have been developed and tes 
wards of the Los Angeles County General Hospital. The 1937 

below has been the most acceptable and has been in use since ^ 
Satisfactory therapeutic results are obtained with a flow of 
oxygen per minute. This compares favorably with flow rates u- 
nasal catheters, and other economical methods now in use. appiff**”'^ 

discussion data will be inti-odueed .showing the eft'eetiveness 0 

*Froni the Pathological L,aboratory and the Service of Dr. Ko^ Tlioma. 

County General Hospital, Lo.s Angeles. 

Rocoivcfl for publication, August 22. 1938. 
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111 increasing the aheolai oxygen tension of noiiiial nulnuhials Tin. clinical 
effectneness of this appaiatus will he included in a latei lepoit It nnn be 
noted heie that the lesults fiom the stud\ ol noiinal nulniduals ha\e been 
amph substantiated on the waids of the Los Angeles Coiint\ (leneial Hospital, 
ulieie approMinateh one niillion cnhic feet of oxjgen aie gnen jeailj bj 
tins method 



piff 1 


APPAK \TUS 

The appaiatus is an nilialei whicli is essentialh a tubulai loiistnictecl 
of metal oi dniable niateiial Gas issues tioin the cimed aims of the 1 in 
such directions that tlie sti earns meet and iientialize each otliei s ^eloLities 
uitli tile exception of a slightly resultant ^ectoi duet ted tow aid the centei 
the patient^s nppei lip A high concentiatioii of oxygen is iieltl ni the 
^e^ioii most efteetnc foi inhalation, but without tlie initatiiig eftect of a 
jet against the shin This pnntiplc is shown ni Fig 1 using smoke in 
Pl‘iee of oxigen The oidinai-v foim of the inlialei has the stem poition as 
sltoiMi in Fig 2, and is attaclied to the patient’s foiehend In means of adhe 
tape (see Pig 3), head band, oi spectacle fiame 

To niciease the efficiency, a mask of cellulose acetate oi simdai niateiial, 
made piefeiably in two sections, is pnoth mounted by means of eyelets on 
ends of the folk (see Pig 2) The mask in two sections allows the patient 
access to his mouth yyithoiit leraoyal of the equipment 

*Thc mask In this figure la the large misk refenecl to later in the table 
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kidney corresponding to maximum of the blood pressure. The two, kidney vol- 
ume and blood pressure, then decrease simultaneously and reach the hasal level 
together. This would be the sequence in passive dilatation of the kidney. 

CONCLUSIONS 

1. The kidneys volume response to epinephrine injections is changed by the 
destruction of the central nervous system, the response being essentially a u- 
versal of that observed in the intact animal. 

2. The increase in kidney volume accompanies the increase in blood pres- 
sure ; therefore, the response miglit be a passive dilatation of the kidney. 

3. There is also a piossibility that destruction of subsidiary vasoconstiktot 
centers in the cord allows epinephrine to stimulate the unopposed dilatatmg 
fibers of the kidney. 
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A NEW APPARATUS FOR OXYGEN THERAPY* 


Charles P. Loaibard, A.B., and Clarence Nelson, 
Los Angeles, Calif. 


O XYGEN therapy is often lifesaving wlien properly 

ever, the initial cost of therapeutic equipment, the expeii-se o 
the discomforts to the patient as well as lack of safety, 
many more factors, contribute to the all too frequent denial 
administration of oxygen therapy. In order to overcome q„ tlic 

objections, various t.vpes of apparatus have been developed and te.s 
wards of the Los Angeles County General Hospital. The 
below has been the most acceptable and has been in use .since ^ 
Satisfactory therapeutic re.snlts are obtained with a flow of 
oxygen per minute. This compai’es favorably with flow folio"*’'- 


, Til tilG 

nasal catheters, and other economical methods now ni use. app'*'''’'”'^ 

discussion data will be introduced showing the effectiveness o 

•From the Pathological Lahoratoi-j- and the Service of Dr. Ro> Tijon 
County General Hospital. Los Angelas. 

Received for publication, August 22, 1D38, 



CATES OIOVANASZ/I EPrCCTS OP 0\ OD bUr\n 


729 


loose contact botueen the patient’s tacc and tlie mash Tins looseness though 
it must not be extieine, is a necessan pait of the s^stem and p]n^s an impoi 
taut role in eliminating a closed system and the lebicathnig ot metabolites 

'llie econonn of the inhalei in owgcii use low oiigmal cost and ehniina 
tioii of ospecuilh tiained operatois togethci with its efteetneness in owgen 
tllelap^, has made it possible to adcf|uateh suppl\ the needs of mam patients 
irlieie foimeih onh a few of these patients could Ik gnen this caie 

SUMMAPY 

1 Anew appaiatiis foi o\^ gen theiap\ isdesiubcd 

2 Theiapeiitic eoncentiations of o\^ge^ aie obtained on compaiatneh 
lo\i o\^gen flows 

3 The appaiatns is coinenient, inexpensi\o and eomfoi table 

r "ish to expios«i our npprcclatlon to Di C H Tl iene<? in 1 Dr D R Drui\ of the 

Cni\prsit> of Southern CiUfornla School of Mcaiclne for their icl\icc ml guulancc 


EPrcCTS or S^IOKINO blood blOAU AAD rCKn^IIERAL 
TEJrPERATURES OP COiWALESCENTfe' 


II B Cates, and J G Gio\an\s/7i MD Los Angeles Cvlip 


TMTIAL inteiest was centeiod upon whethei tlieie is a coiielntion between 
clniiges 111 skin tempeiatuies and use m blood sugni induced In cigarette 
imokmg As the stuch piogiessed, Jiowe\ei the obsenafions made upon the 
toinalesceiit pio\ed the moie impoitant Then negligible lesponse to smok 
ing prompted us to test se^elal ^olulltecl niedical students, and these had 
'ascuhi responses to smoking, simihi to tlic leactions obsel^ed hy other 
oikeis 

The capillan blood siigai let el of fasting nondiabetic patients has been 
deteimmed b’v Nielseid to be quite unifoim and without oscillations On a 
^mifoiin diet tlie clegiee of ^allance of fasting blood sngai \ allies was not oiei 
M in;: pel 100 cc AVoikiii" Aiith fastiii" adults and lotoidiii" icspiraton 
Quotients and blood sngai le\els, Ilaggaid and Gicenbeig" lepoited icspna 
quotients between 0 78 and 0 82 The blood siujai ^ allies langecl fiom 
b08 to 010 per cent Undei identical conditions aftei smoking tlicie was a 
of the blood sugai abo-\e 013 pei cent This use is acci edited to an 
■aereased adrenalin output possibh due to nicotine stimnl itioii Iloweiei, 
Bill, Edwaids, and Eoibes"* made obseiiations upon the cnpillai\ blood sngai 
m 10 subjects aftei smoking one cigaiette and found that nine tentlis 
af tlie subjects weie within 5 pei cent of the contiol lc^el Theie was no 
^‘Kuificaut tiend In addition, lactic acid values weie not appreeiabh altered 
' ''looking Thei conclude that caibohi diatc metabolism is not changed b^ 
^aiet te smoking 

•Prom the Depaitment of Medicine of the Unner^ltj of Southern California 
aecei\e^ for publication September 3G 1938 
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There is an apparent agreement of reports on the lowering of periplieral 
temperature of subjects after smoking, jilacldock and Coder* find a fail of 
5.9^ C. of the fingei's and 0.50° C. of the toes irliile smoking. 

Barker/ testing a group of 20 patients, found a significant drop of 1.8" C, 
after smoking three cigarettes in rapid succession. Five patients Lad teffi- 
perature ehange.s in both fingez’S and toe.s. Jobn.sou and Short,** when conipar 
ing smokers ivith nonsmokers, z'eported that SS per cent of smokers siioivcii 
an average drop of 2.5’° C-, while iritli nonsmokers only 34 per cent siimveii 
a drop, the average being 1.8° C. Tliis i.s attributed to tbe fact that the latter 
did not inhale. Wright and hloffat'* conclude that praeticall}' all snhjeets wlio 
inhale will show a temperature drop, thougli not neeessai’ilj" every time tlie 
test is taken. An individual may have a lowering in skin temperatme of 5.5“ 
to 6.6° C. upon one day and as little as 0.6° to 1.7° C. with the same tobacco 
product upon the next day. Appai-ently in 16 out of 50 tests the subjects 
complained of mild toxic symptoms. This Avas manifest by tingling of tlie 
fingers and slight vertigo. In 7 instances nausea, vomiting, cold sweats, ami 
syncope occurred. In another report, Maddock, Malcolm, ami Coller state 
that cigarette smoking produces equivalent decrease in skin temperature of 
women and men. They find more marked changes in Jewish subjects than in 
gentiles. They also note increase in blood pres.snre and pulse rate in all of 
the subjects tested. Their protocols shorv that 28 out of 29 patients wore in 
the third decade of life and that 15 eases out of 29 had increases of sjstohc 
pressure wbieb ivere less than 15 mg. mercury. Eight of the 29 hmi tempera- 
ture reduction of either fingers or toes which Avas less than 1.5° C- IF**'® 
reports an idiosyncrasy to tobacco in a man 57 years of age, AA’hose chief com 
plaint Avas periods of rather seA’ere dizziness. After smoking a cigarette e 
blood pressure Avas found to rise from 118/70 to 180/110, Avhiie the peiiphera 
temperature, tips of fingers, decreased on an average of 1° to 1-5° C. betAveeu 
the first and second readings. Ilerreil and Cnsick^“ reported 3 more sensi^* c 
subjects Avho reacted to smoking Avith eleA'ation of blood pressures ami a 
dated spasm of the retinal A-e.sseis. This response is regarded as one 
idiosyncrasA* to tobacco. 


PROCEDURE 

All of tbe subjects studied, Avitli exception of 6 students, were 
selected from a medical Avard of the Los Angeles General Hospital, 
requirement that they Avere afebrile and receiA'ed no medication 
The majority of these had either hypertension or heai’t disease, fo* "** * 
it Avas believed temperature and blood sugar fluctuations might P***'*^ 
marked than in other diseases. It must be emphasized that no pa wi 
urged to smoke move than AVas his custom, and similarly no mitOAiai 
was reported by the .subject. _ ^^^.^,,(1, 

The age incidence of the sub,iects A-aried from tbe third to gj.j)t,ire. 
decade. All Avere exposed for an hour or more to a constant FmP^^^ 
Tests Avere made at a fixed temperature betAveen tbe extremes o 
80° P. The room temperature oscillations in the majority of instan^ 
Avithin one degree. Pasting capillary blood sugars Avere deterniin i 
coloi'imetric micrometbod of Benedict. A control specimen, the secon 
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niiiuites, and a tliiid, minutes latei, \ieie taken A Iknloi ’s deiniotlieim 

Mas used, and tlie teiupciatiue ot tlie tij)s ot the hist time hngois and toes ^\as 
read foi changes in conjunction uith the blood siigai tists Upon otheis 
lecoids ueie made ot the tenipei,itiue changes of the hngeis and toes of the 
light side In addition, the jnilse late and blood piessuits weie dettnimied 
The piessiiies ^\ele taken i\ith a moicui\ sph\ gmoinanoniotei upon the left 
arm The apical heait late A\as counted ioi a peiiod of tluitv setonds Tom 
peiatuie detoiminations \\eie made at fi\e minute nltcl^als allowing at least 
tweiiti minutes to establish a conliol ol the pciipluiil tempeiatuie befoie 
lequestmg the subject to begin sinolving (’igaieites ot tlie populai biands 
Meie ofteied, and the subject consumed fiom two to fiM' witliont mteiiuptioii 
About two thuds of each eigaicttc Mas (oiisumod 



Tig 1— Rehtlon^hlp between tlie cipiIUn blood sugir k\cls before and dming clgArctto 

smoking 

RESULTS 

The loweiing of peiipheial temperatme dining smoking tests made upon 
G luodical students was pionoiuiccd Tlic least deciease was I 8'^ C , and the 
imiximiini, G 5° C Fhictnatioiis ot skin tempciatuu* uudei standaicl condi 
hons which weic less than 15° C wcie not icgaided as significant and weic 
«ot asciibed to tobacco “ The pulse late counted at fne minute iiitenals was 
Jiicieased b^ smoking, with a inaMinal iiitieasc of 32 and a iniiinuiim of 12 
heats pei inniute Blood piessiue was eleAatcd in most oi the coung subjects 
Tile second subject bad a sistolic elCAatioii ot 35 and a di.istolic niciease of 25 
The least cliange, noted ni the fifth subject, was If s^&tolic and -1 diastolic These 
htidings compaie well with mam pieMous icpoits, but sene to contiast the 
paucitj of fluctuations noted upon the eoinalesccnt hosjntal patients 

The In pci tensn e gioup of patients while sniokiiig showed no gioatei 
^^tnation of skin tempeiatuie than occmied duung tlie pieceding contiol 
period of folt^ fiie mimitos In this gioiip, highest blood piessiue use was 
mm , the aioiage 8 mm Tins is to be contiasted with figines ni the student 
t^roup when the highest was 35 mm and the a^eiage use was 19 imn 

The thud gioup, those patients liaMiig normal blood piessuics, and the 
maJollt^ of whom weie admitted to the hospital sufteung caiduc dccompcn 
‘''^tion ga^e a negatno tempeiatuie lesponse Of 24 studies onh 4 had a 
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temperature decrease of tlieir toes over 1.5°C. Two of 12 had depressed finger 
temperatures. 

A composite curve representing 26 curves of capillary blood sugar deter- 
minations on 20 .subjects, establishes no elevation of the fasting dextrose values 
after smoking two to five cigarettes. Artificial elevation of the blood sugars 
to 400 mg. per cent by intravenous injection of 50 c.c. of 50 per cent glucose like- 
wise had no indirect effect upon peripheral temperature. 

DISCUSSION 

xit present clinicians have no unanimity of opinion as to whetlier smoking 
is detrimental to patients suffering from certain diseases. Abstinence from 
tobacco is considered by some physicians to be chiefly responsible for tke 
alleviation of symptoms in Buerger’s disease, hypertensive heart disease, and 
peptic ulcer. The conclusion of Thienes and Butt,^- after making well-eon- 
trolled animal experiments, is that no demonstrable circulation lesions ma) 
be attributed to chronic nicotine poisoning in the animals tested. On the basis 
of our observations we conclude that smoking affects the peripheral vascular 
system less in cardiac convalescents than in young healthy males who have 
not been confined to bed. Again, the older the subject is, the less susceptible 
his vascular tone. Results obtained from the subjects of the second and thir 
decade may not by inference be applied to later decades of life. 


CONCLUSION 

1. Convalescents show less re.sponse to tobacco than young healthj adults 

2. Smoking does not elevate capillary blood sugars, and there is no re a 
tiouship evident between blood sugar levels and peripheral tempeiatuies. 

3. Patients having hypertension show no moi'e vascular response to sffi 
ing than the nonhypertensive. 
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Chapter I 


General Considerations 


Fixation of TiSiHcs— The importance of the immediate fixation of tissues 
after death cannot be o\eromphasize(l Tissue nhich has been allowed to 
remain unfixed foi some houis often gri\es uulifteient and unsatisfactoiv 
results and is especialh prone to aitifact foimation This is particulailj 
true m respect to the sihei impiegnation methods 

Although the methods selected heie weie p^mal]I^ foi use in a geneial 
pathologic laboratory wheie foinialin is the loiitinc fixatiye used reference 
'111! be made to ceitain special methods of fixation Next to formalin Zenkei 's 
fluid IS probablj the most commonly employed tissue fixitne and is paiticu- 
larly useful yyhere many of the coniiectiyc tissue and nonmetallie glial stains 
are to he used Formalin ammonium biomide is necessary as a fixative foi 
most of the original metallic glial methods although at the present time theie 
are several modifications of these stains A\hich giye excellent lesults on foi 
malm fixed mateiial Fixation in Regaiid's solution oi Zenkei 's solution is 
icquired foi many of the more selcetne pitnitaiy stains, although there aie 
seyeral satisfaetoiy methods yyliich mav be employed on foimalin fixed ma 
terial The piesent methods of treating tissue piioi to staining makes possible 
the use of tissues fixed in formalin foi the demonstration of piactieally e\erj 
element of the neiy ous sj stem 
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Removal of Tissae. — The method of removing blocks of tissue depends Bpim 
the nature and location of the lesion to be studied. For routine study of Ik 
brain, Spielmeyer reeonnnencls taking blocks of tissvte from: 

1. Posterior part of the fir.st frontal eonvolutiou. 

2. Both central convolutions, approximately at the borderiine of the upper 
and rrriddle third.s. 


3. First temporal convolution. 

4. Eegion of cornu amnionis. 

5. Region of the calcarine tissue. 

6. iliddle of tlie basal ganglia togetbev with live island of Feil. 

7. Posterior portion of the basal ganglia with the island of Ileil. 

8. Region of the oculomotor nuclei. 

9. Inferior olives. 


10, Vermis and cerebellar hemispheres. 

11, Sjiiual cord segments; cervical and lumbar enlargement.s, upper eervr 
cal, upper and lower dorsal and sacral regions. Additional blocks ‘k- 
pend upon the nature of the individual specimen to be studied. For tkestno 
of tumors, blocks sliould always include a considerable portion of the “ 
jacent nei’vous tissue and at least half the diameter of tlie tumor if thnis 
feasible, .Several blocks of tissue should be taken from various 

the larger tumors, and a complete cross section is recommended foi 
smaller growths. Longitudinal, as well as cross sections of periplieinl aei^e > 
are oftevr found useful. The blocks of tissue should not exceed 5 
ness and .should be fi.xed in at least ten times their volume of fixathe. 
size of the ti.s.suc block, other than tbiekne.s.s, depends upon the 
lesion to be .studied, tlie abilit.v of the technician to liandic very laige 
small sections, and the facilities at band for the preparation of 
sections. . 

Lahoratonj Equipment. — Special equipment, other than that 
average laboratory for hi.stologic technique, is not necessary for the s ai 
the nervoms .system. Small glass dishes, holding 30 to 40 e.c.. hare hefR 
useful for frozen section work. Where larger receptacles are ^ 
beakers or large Petri dishes may be used. Glass rods bent to 
are used for handling frozen sections, and a small camers-bair yoping 
ployed to draw these on the glass slide. Bibulous paper is best or 

sections, although filter paper may be used. ' _ k 

iibeddm? 

i.elati" 


Gelatin Emheddinej . — For many methods in wliich par 


■affin eiiih 


contraindicated or not fea.sible, it is necessary to embed the tissue 
before making frozen sections. The following method has been om 


excellent results. Blocks of formalin-fixed tissue are wa.shed n^ 

cuhator- 


water for twenty-four hovu’s, after which they are placed in 1 ^ 


‘ * . ' 4-1 <^7*^ C 

solution (12 per cent) for a similar length of time in tne ci 
They are then transferred to thick gelatin solution (2.5 por cent) m 
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to remain tA\ent.v-four hours at the same tempeiatiue Tlie blocks are then 
placed in small dishes and allowed to liaideii in the thick jrelatin foi one to 
tuo hours in the icebox. The excess «relatm is then tiimmod off, and the 
blocks are further hardened in 10 per cent foimalin for one to two days and 
washed foi one to two Jiours in rui}jnn*r uatei before secfionnifr Tlie blocks 
are sectioned on the freezing: inierotonie m the usual manner The metliod 
IS used in making' frozen sections of small fragments of tissue oi where the 
tissue sections ciumple and tear Avhen prepared by the usual fiozcii section 
method. 

The preparation of the gelatin solution is rpiite simple A A\eiglied amount 
of table gelatin is added to thiee tunes its amount of a 1 jier cent aqueous 
solution of carbolic acid. Tliis is allowed to remain in the incubator at 37° C 
until dissolved to form a thick fluid mass To make the thin gelatin (12 per 
cent), dilute the 23 per cent .solution Mith an equal pait of the 1 per cent 
afpieous carbolic acid. 

ClFAPTCR II 

Stains for Xcrvc Cells 

The most widely used methods for the dtniousti.itioii of ner\e cells and 
cortical architectonics are those based upon the prim iple devised by Nissl 
Excellent results oaii be obtained upon formalin-fixed Tissue, either embedded 
in eelloidm or cut with the Ireezing mieiotomo The following modifications 
of the original method Iiave been found to gi\e consistent results uitli the 
Diimmum of effort "With a little practice differentiation can be earned to 
the point whore tlie cell bodies and the NissI substance stand out in sharp 
eontiast to a coloiless, or nearly colorless, background 

Crcsyl Vwlct Statu for Frozen Sections — Blocks ot tissue, not over 5 mm 
thick, aie washed in running water for a half hour, after which they aie al- 
lowed to leinaiii in distilled water for about one hour Frozen sections are 
cut at 15 microns 

1. Place sections in 50 per cent alcohol and allow to lernain in 
the incubator at 37° C. for two days. 

2 Tiansfer tlie waim sections to a 3 5000 aqueous solution of 
eresyl violet. (Filter stain through a single layer of veiy coaise 
filter paper before using.) 

3 Ileat until steam arises fioni the stain Do not boil Allow 
to cool. 

4. Pinse sections in distilled water 

5 Transfer quickly to 70 per cent alcohol Shake sections for 
about one minute 

6. Differentiate the sections in 96 per cent alcohol. This is the 
most important step and a little practice will enable one to determine 
how far the decolorization should be carried. 

7. Pass sections through absolute alcohol for a few seconds to 
complete dehydration. 
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8. Clear in xylol. The sections slioiilcl be held until the xylol 
has penetrated, so as to prevent agitation wliich may tear fragile 
sections. 

9. Draw sections on a clean gla.ss slide, blot ivitb bibulou.? paper, 
cover with a drop or two of xylol, and mount in balsam. Ceclanvood 
oil is better than balsam for mounting Nissl stains, but has the dis- 
advantage of drj’ing very slowly' and imperfectly. Small weights 
should be placed on the cover slips to keep the sections flat while 
drying. 


Thionine Stain for Cetloidin Sections . — Sections of the celloidin-embedded 
tissue, cut at 15 microns, are placed in 70 per cent alcohol and kept in the 
incubator at 37° C. for twenty-four to forty-eight hours. 

1. Transfer warm sections quickly to a 1 :5000 aqueous solution 
of thionine. 

2. Heat until steam arises, ncA’er allowing the stain to come to a 
boil. Allow to stand until cool. 

3. Transfer to distilled water. 

4. Quickly transfer sections to 70 per cent methyl (wood) alco- 
hol and agitate for a few seconds. 

5. Differentiate in 96 per cent methyl alcohol. (Methyl alcohol 
differentiates rapidly and is better .suited for formalin-fixed tissue. 
Etliyl alcohol is less rapid and is used to differentiate alcohol-fixed 
material.) 

6. Complete dehydration for a few seconds in absolute alcohol. 

7. Clear in xylol. 

8. Draw sections on a slide and after straightening, trim off the 
excess celloidin, blot quickly, and cover with balsam. Warm ler} 
gently and place cover slip over the section. Allow to stand ahou 
tiveuty minutes, heat gently again, and after pressing out the aw 
bubbles, keep overnight under -weights. 

Toluidine Bhie Stain for Alcohol-Fixcd Tissue . — Although 
may be obtained from formalin-fixed tissue, stained either with cresjl 
thionine, by far the best results are obtained through the use of tissue i 
has been fixed in 96 per cent alcohol and stained with toluidine blue. 

Blocks of tissue not over 5 mm. thick are fixed for several 
least ten times their volume of 96 per cent alcohol. The alcohol 
changed frequently. Folloxving fixation, the tissue is embedded m ce^^ 
and stained according to the method given above for celloidin-em e 
sue. However, a 1:1000 aqueous solution of toluidine blue is nsec 
ing, and ethyl (grain) alcohol is used for differentiation instea o 
(wood) alcohol. A 1 :5000 aqueous solution of thionine may a so 
ployed as a stain. nloved 

A more rapid, although less satisfactory, method may also 
w'here a sliding microtome is available. After fixation the tissue is 
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fiilh betneeii tuo sheets ot hltci j)apei ami placed in its propei position on 
the i^oodeu block It is then co\cit*(l >Mth thiii (12 pei cent) eelloidni and 
alloucd to dij T)ie tissue is then sectiomd on tlie slulin*,^ jniciotome at 20 
iiiieions, uithoiit fuithei embedding The stctions aio stained as foi celloidm 
embedded tissue The tissue nia\ also be fixed to the uooden block uith gum 
aiabic and haidencd in 96 pei tent alcohol toi a leu ininntcs 

Tile following leiiiaiks appl^ to XissI stains in gcneiai It the diffeien 
tiatioii IS earned to tlie iiglit degice, th't backgiound slioiild be coloiless oi 
iieailj so Tlie ganglion cells stand ont deaiK and aie in shaip contiast to 
the background It the sections .uc passed thiough chloiotoim attei de 
lijdratioii 111 the absolute alcohol, the blue < olor ot the cells assumes a hlae 
cast, uhich gnes coiisideiable contiast Tlic Xissl substance takes a deep 
stain, and micleai detail is cleai In tin* ubile mattei the luiclei ot the ^aii 
oiis glial cells take tlie stain deepl\, but onI\ mcasionall} can the suggestion 
of cell processes be made out Tlie walls of tlie laigei ^essels take the stain 
ratliei mteiiselj, while m the coitcx the capdlaucs can be identified with 
ease Ei^thiocjtes aic stained deep blue but ihsnitegrated blood often takes 
a greenish blue coloi Patliologic )ngimnts ol \auous soits usualh take an 
intense blue, but not alwa's so Cellulai Iipoid hkIiisioiis aie not stained 
The stained sections ha\e a teiideiicx to tade and should be stoied iii the 
daik and ne\Gi placed in dnect sunligbi Tins is especiall} tine of ciesjl 
Molet, whitli is ^eI\ scnsitnc to sunligbt Sc( tions stained as desciibed 
abo^e and kept in the daik lia\o lotained then coloi quite well foi a nuinbei 
of jeais It IS best not to plai e the stained sci tions in an incubatoi 

Staining should be earned out in a laigi e\a))ojat]ng dish and diffeien 
tiatioii 111 glass coiitauieis o\ei a white baikgiound (’oloration of the cel 
loidm in embedded mateual ina\ be a\oided b^ the use of fiesh alcohols, 
especialh the 95 pei cent and the absolute A 1 pei cent aqueous stock solu 
tion ot tlie cUes keeps foi long jieiiocls and is easily diluted to tiie desned 
stiength foi staining 

ClIAPTbU m 

Stains for M'iCLiN Shea ms 

Mjeliii sheath stains find tlicn gieatest use ni geneial iiem opathologi , 
altlioiigli then use ni geneial patholotri is bj no means limited Tlie stain 
nig iiictliods desciibed beloii \aii nideh in the time leqniied for staining, 
■nid all aie easilj earned out With expeiieiiee, theie is little tionhle in oh 
taming eonsistcntlj ichablc lesults 

PanVcHjat Method —Thn method is applicable to eithei frozen or cel 
loKlin sections The tissue should be thoioiighh fixed in 10 pei cent foimalin 

1 Bloeks of tissue, not oiei 1 em thick, aie placed m Weigeit’s 
Primai.i moidaiit and allowed to remain foi four to fnc dajs at loom 
temperatme AVeigeit’s piimais moidaiit is prepaied as follows 

5 gm 
2 gm 
100 c c 


Pota'taium bicliromate 
Chromium fluontJp (fluorcliromo) 
Wster, to make 
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2. The tissue is then transferred to AVeigert’s secondary mor- 
dant, where it is allowed to remain for twenty -four to forty-eiglit 
hours : 

Copper acetate 5.0 gm. 

Glacial acetic acid 30% 5.0 c.c. 

Cliromium fluoride 2.5 gm. 

Water, to make 100.0 c.c. 

Dissolve the cliromium fluoride in boiling 
water, add the glacial acetic acid and copper 
acetate. 


3. The tissue is dehydrated in alcohols of ascending strengths 
and embedded in celloidin in the usual manner. However, frozen 
sections may be cut at 30 or more microns and carried through the 
following procedures. 

4. The sections are transferred to AVeigert’s hematoxylin and al- 
lowed to remain twenty-four to forty-eight hours. The hematoxylin 
is preirared as follows : 

10% hematoxylin in absolute alcohol, ripened 10 c.c. 

Water 90 c.c. 

5. AA’'ash until uniformly blue in water made alkaline by the 
addition of from 1 to 3 per cent of a saturated solution of lithium 
carbonate, 

6. Differentiate in 0.25 per cent potassium permanganate until 
the gray matter is brownish yelloiv, 

7. Transfer to the folloAving solution : 

Oxatic acid 1 go*- 

Potassium sulfite 1 gm- 

Water 200 c.c. 


AIIoav to remain until the gray matter is colorless, or nearly so. 

8. AA^asb in water and blue again in lithium carbonate solution. 

9. AA’'asli in Avater, dehydrate in alcohol, and clear in xaIoI- 
Slount in neutral balsam. 


The myelinated nerve fibers appear dark blue to bluish black upon a ^ 
less or slightly yelloAv background. The differentiation is sbaip, ai 
finest neiwe fibers are deeply^ stained. Cells and axis cylinders do no 
the stain. Areas of demyelinizatioii appear iiale yelloAV and dcAoid 
although AA'here the process is incomplete, scattered nerve fibers inaA 
In differentiating the sections, it is best not to allow them to 
the potassium permanganate longer than one minute before aa 
placing them iu the oxalic acid solution. They should then be rfj,is 

in lithium carbonate solution, and again treated Avitii the permangm 
is to prcA'ent the sections from assuming a yelloAvish-broAWi color, aa 
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le’^ist clecolouzatioii b^ the o\alic acul It is iisualK iietossai\ to lepeat this 
process se\eial times befoie the eoimt (le*riee of flifteieiitntiou is obtained 
The degiec of decolon/ation can be caiiied out to suit the indnidual taste 
The mam disad\antap:es nitii this method lie in tlic leivth ot time leqiined 
for its tompletion and the fact that the tissue cannot be used foi main othei 
stains once it has passed thioufrh the AVc*i«eit moidants The method lias 
Withstood the test of time, and is one ot the most leliable 

The moidants letam tlieii stienpth toi consideiable pciiods of time as 
does the o\alie acid solution The potassium pei mantranate solution should 
be piepaied as a 2 pei cent stock solution and dilntul pist bcfoie use The 
hemato":\lin should be piepaied fiom the alioholn solution and also diluted 
just before use It should not be used moic than once 

Sjytchneyc} Mtiliod — The method frnes good usults ind cm be com 
pleted in tiio dats Foimalin fi\ed tissue cut uith the trce/ing imciotome is 
used The tissue should he u ashed in imming: watei foi it least thirt\ min 
utes befoie sectioning to iemo\e the foimalni Sections should be cut at SO 
or more microns 

1 Allou fiozen sections to lemam in tap natei foi two houis 
befoie sfamuig 

2 Tiansfei to 2 5 poi cent non alum solution (feme potassium 
sulfate) and allon to lemain o\eunght Caie slionld be taken to see 
that the sections he flat in this solution as tlieie is a tendene^ foi 
them to haiden and niinkles ma\ be difficult to icmo^e 

3 Rinse in distilled uatei and tiansfei to 70 pei oent aleoliol 
uheie the} should lemain ten minutes Agitate dnung tins time 

4 Tiansfei to an old hematowlin solution made up as follows 

10% solution of heni'ifox'lin in nbsoluto ilcohol 5 cc 
Distilled nnter 100 cc 

Spielme^ei states that if the lieinatow lin solution is old and stani'i 
uell, one to tuo lionis is sufficient It ma\ be necessan to stain as 
long as SIX to ten liours The sections should be nniioimh black 
^\hen lemo^ed fiom the stain Inasmuch as theie is a teiulenc\ foi 
the sections to become extiemeh buttle in the hematoxxlin staining 
should not be piolonged moie tlnii is neccssai\ 

5 Rinse in distilled natei and difteientiate in non alum soln 
tioii Ileie it IS ^\ell to use a 4 pei cent solution foi the eiih stages 
und a ^\eakei solution 2 5 pei cent oi less tow aid the end Sections 
*5hoiild be handled caiofulh to pie\eiit them fiom fragmenting 
f'heA ina% be tiansfciied fioin one solution to anothci on slips of 
blotting papei 

0 Wash sections thoioiighh in tliice changes of distilled watei 

7 Delndiate in ascending alcohols and cleai in x^lol Aloiint 
ui nential balsam 
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The results are similar to those of the Pal-'Weigert method. Occasionally 
there is a slightly deeper yellow color to the background, but often this can 
he prevented by liberal washings where noted above. The hematoxylin solu- 
tion ma.v be used repeatedly if filtered before returning to the stock hottle, 
although some authors recommend using fresh hematoxylin solution each 
time. Its staining poumr increases with age. Washing the sections in 70 per 
cent alcohol removes fatty substances, and incomplete treatment at this staire 
results in uneven staining. If this occurs, the sections .should he carried back 
through Avater to 70 per cent alcohol and again stained and differentiated. 
During differentiation the sections should he moved about, and for larirev 
and deeply stained sections it may be necessary to replace the differentiatin'.' 
fluid Avith fresh solution. The disadA'antage in this method lies in the extreme 
brittleness of the sections after remoA'al from the stain, making it difficult to 
obtain intact prepaimtions from large specimens. 

Weil’s BaiJid Method . — This method may be used on material embedded in 
eelloidin or paraffin or cut on the freezing microtome. Paraffin sections give 
less satisfactory results, but if used, should be cut at about 15 microns. Cel- 
loidin-embedded material giA'es the best results. When frozen sections aie 
used, they should be carried through 95 per cent alcohol, absolute alcohol, 
xylol, and back doAvn again through the descending concentrations of alcohol 
to Avater. The method is as folloAA'S: 


1. Wash sections in distilled Avater. 

2. Stain for ten to thirty minutes at 50° to 55° C. in a mixtnie 
of equal parts of (a) and (b). The stain should not be filtered and 
should not be used more than once. The individual components keep 
indefiniteljL 


(a) Ferric anmionium sulfate solution, 4%. 

(b) 1 % solution of beniatoxj'lin yviiicb has been made by adding ■ 
c.c. of distilled water to 10 c.c. of a ripened 10% solution 
hematoxylin in absolute alcohol. 


3. Wash tAA'ice in tap AA'ater. 

4. Differentiate in a 4 per cent aqueous solution of iron alum- 
For eelloidin material, differentiate until the gray' matter or areas o^ 
demyelinization can be just distinguished ; for paraffin sections, loUr 
enough to remoA'e the stain from the back of the slide. Care s 

be taken not to OA'erdifferentiate in iron alum, for in doing so 
fine fibers lose their stain. 

5. Wash in three changes of tap Avater. 

6. Complete the differentiation in the folloAving solution. 

Bor.-ix 

Potassium fcrricyanide 
Distilled water 

This solution keep indefinitely. 


10.0 gm. 
12.5 gm. 
1000.0 C.C. 
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The clecolouzatioii sliouUl be contiolled uiidei the inicioscope 

7 AVasli 111 tuo cluiii'fcs ol tap watci 

8 AVash loi tllllt^ seconds iii dilute aiiinioiiia natei (Add 6 
drops ot 28 pei cent ammonia to 100 c c ot watei ) 

0 AVasli in distilled natci 

10 Delndiate in alcohol, deal m \^loI, and mount in neutial 
Canada balsam 

The abo\e method has the ad^anla*re oi being: lapid and of gning’ fairh 
consistent lesults The nnelinated fibeis aie staiiud a deep blue and if the 
section has not been o^eidifleientmted in non alum solution, the fine ln^ell 
lilted fibeis can be tiaced uith case The backg-ioiind is usually a ligdit 
^ellon coloi, and it caie is taken to \\a‘'li the tissues thoioughh aftei each 
stage ot difteientiation tlie coloi of the batkgiouiul is not too deep and the 
contrast is excellent It is impoitant that file hema^o^^Iln used should be 
completeh ripened, at least foi si\ months hailuio to obtain staining of the 
tissue in the hematox\lin is usualh due to the use ot insnftcientlj iipened 
solution The stain should not be filtiied betoic use and it cannot be used 
uioie than once For 10 celloidin sections cut at about 30 mieions 50 to 75 c c 
of stain should be used The length of time leqiuicd foi tlie sections to take 
the stain ^aues 'somewhat nitli the nutliocl used in sectioning the tissue 
Celloidin embedded mateiial should be left in the stain fiom t'\^e]lt^ to thiit^ 
minutes, paiaffiu sections lequire ten to fifteen minutes Laigc sections ina'N 
become somewhat buttle, but ne^el enough to cause sciums tiouble if the mate 
iial is handled caiefulh Laige sections can be tiansfeiied fioin solution to 
solution on slips of blotting papei It is not ad\isable to use paiaffin sections if 
othei tissue is a^allable 

^VoUcr KnUchtzly Siam foi Mtfclm SJuaths is the best of the ^aii 

ous modifications of the ongiiml AVeigeit method foi staining mjehn sheaths 
Tlie method utilizes foi malm fixed tissue which is embedded m celloidin It 
has the disad\antage that, like the AVeigcU method the tissue blocl s must be 
mordanted before embedding, thus making them useless foi otliei stains 

1 Place blocks of formalin fixed tissue diiecth into AA^eigeit s 
pinnai\ moidant TIic^ aie left licie iii the daik foi ten to fouitecii 
da^s, depending upon the size of the block 

2 Wash in i mining water foi one half to two hoiiis 

3 Place in 70 pei cent alcohol foi one da^ 

4 Lea^e in 96 pei cent aholiol foi thiee to six da\s Change 
the alcohol aftei the fiist da\ 

5 Lea%e m absolute alcohol foi two da\s Change alcohol aftei 
the first daA 

6 Tiansfei tissue to absolute alcohol ethei (11) and allow to 
lemam foi one to two da>s the Httei foi the laigei blocks of tissue 

7 Place 111 thin celloidin and allow to lemam font teen dajs oi 
longei 
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8. Transfer to thick celloidin for eight to fourteen clays. The 
tissue must he kept in the dark up to tlie time the infiltration ivith 
eelloidin is completed. 

9. Embed in celloidin and section in the usual manner. Allow 
the blocks to harden for one day in 70 per eent alcohol before sec- 
tioning. The sections may be cut at from 25 to 100 microns, depend- 
ing upon the purpose of the stain. Those cut at 25 to 30 microns 
may be used for detailed microscopic study, -while those cut at from 
50 to 100 microns are for low magnification or naked-eye examination. 

10. The sections are received in 70 per eent alcohol. Transfer 
quickly through distilled water to hliiller’s fluid where they remain 
for eight days or longer. 

11. Wash in t-cvo changes of distilled water and pass briefly 
through 70 per cent alcohol. Transfer to Kulschitzky ’s hematoxylin 
and allow to remain overnight in the incubator at 37° C. 

10% solution hematoxylin in ab.solutc alcohol, 

ripened 10 c.c. 

Glacial acetic acid 1 to 2 c.c. 

Distilled water 103 c.c. 

Heat together until dissolved. 


12. Wash in two changes of distilled water. 

13. Leave in iMuller’s fluid for two minutes. 

14. Transfer to taji water and wash for five minutes or longei. 
Change the wash water until it remains clear. 

15. Transfer to 0.25 per eent aqueous potassium permanganate 
solution for ten to twenty seconds. 

16. Transfer rapidly through distilled water into a mixture of 
equal parts of 1 per cent oxalic acid and 1 per cent potassium sul- 
fate. Allow to remain about five minutes. Change solution when it 
turns brown. 

17. AVash in several changes of distilled water. Return sections 
to the permanganate solution, wash and again decolorize m 
bleaching mixture. Repeat this process until the desired degie^ ® 
differentiation is obtained. AVasli the sections thoroughly in disti 
water and allow to remain overnight. 

18. Dehydrate in ascending concentrations of alcohol, pos 
through carboxylol, and clear in several changes of xylol. Alonnt n 


balsam. 

The myelin .sheaths are stained a dark bine against a practieall} co 


The fine myelinated fibers are deeply stained, 


and the contrasl 


background 

is excellent. Poorly infiltrated tissue is difificnlt to section 
easily. The sections tend to become brittle in the hematoxylin, 
suggests transferring them to pieces of paper, upon wliich they ina.i 
and differentiated with less danger of fragmentation. wid> 

used on verj* large blocks of tissue if care is talcen that the m 
celloidin is complete. 


and fragine”'® 
ami Wertliam 
be staii'<^« 
.,1 mill bo 
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As >Mtli otlici unelin sheath stains employing: iipeiied liciiiato\} Im, tlie 
absolute alcohol solution must be at least si\ months old Oldei heinato\>hn 
gnes bettci lesults The 0 25 pei cent potassium peimangmiiate solution 
should be piepaied fiesh fiom a 2 pci tent stock solution and like the bleach 
iiig inixtme, should be changed iicqucntl\ dining the pio<ess of detoloiiza 
tion The telloidin embedded blocks of tissue nun be stoicd in 70 pei cent 
alcohol As in all fiozen section oi celloidiii woik small weights should be 
placed upon the coiei slips attei moiintnig until tlie balsam has haidcncd 
jl/mc/n Method fo) Dcf/oicuitiiig Mi/clin — It is otiasionallj cUsii ible, espe 
cialh 111 tracing ■\ei\ small oi scattcied areas ot degeiiciation, to use a method 
wlucli gnes a positne stain foi the dcgciieiatod nntlin Foi this the ^laichi 
method, utilizing osmic acid as a staining agent is almost unneisalh em 
ploied Wliereas in the prcMOiis methods the staining was limited to tlie 
sheaths of the uninjuied nnclniatcd iiei\c fibeis lioie the staining is con 
fined to the mjelin of the degeneiated oi paith degenciated fibeis 

1 Small blocks of tissue, not moie than 2 to 1 mm thick, aie 
fixed in Miillei ’s fluid oi J pei tent potassium du hi ornate, changing 
the solution e^eI.\ thiee oi font da\s The time of fixation %aiies 
from one to tw o w eeks 

2 Tlie tissue is tiansfoiied dnetth without washing into the 
following solution 

Muller's fluid oi 3 per cent jotn''^ium 

dichronnte - P'lits 

1 per cent osmic ncid 1 

Prepare fre«h before u«e 

The tissue should be loft iii tins solution foi one to thiee weeks and 
the solution should be renewed weekh 

3 AYash stained blocks in luiinmg watoi toi twenti foiii houis 

4 Delijdiate as rapidly as possible and embed in cclloidin 

5 Cut sections at fiom 10 to 5 micions accoiding to puipose, 
and mount in dammai oi balsam 

The dcgeneiatiiig nncliii is seen as small black dots and globuhs on a 
light lellow or ^ ellow isli blown backgioniid composed of the unstained elc 
meats of the nenous SAstem The Iipochiomc giamilcs of neme cells mas 
also be stained black oi blown Tlie soetioiis mas be couiitcistaincd with 
^afiamne, neutial led, oi Aaii Gieson's stain as desued Tlie length of time 
of fixation should not be unduh piolonged since oaci fixation maA pioduce 
aitifacts m the fmm of small black giaimics winch aie difiicnlt to difteienti 
ate at times fiom degeneiatmg niAelni It also should be noted that fat cells 
bi the coimectne tissue stioma of neiAcs also take tlie black stain The 
lo'i&th of time lequiied ni the osmic aeid mixtuic Aanes with the size of the 
Mocks of tissue and the tApes of tissue being treated Tlie spinal coid and 
Penpheial nerACs usualh lequne fioin eight to fifteen daAs, while twentA one 
to twentA eight daAs is geneialh sufficient foi the ceiebellum and ceiebium 
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Anderson suggests tlie addition of 10 to 20 e.e. of 1 per cent acetic acid to 
each 100 c.c. of ilarchi fluid to facilitate iienetration. Jlaterial wliicli has 
been fixed in formalin for not more than two to three days inaj- be used by 
transferring directly to the osmic acid mixture. The re.su]t.s liere, liomver, , 
are less reliable than with tissue which has been fixed in Muller’.s fluid or , 
3 per cent potassium bichromate. i 

It is not possible to give exact figures for tbe lime the tissue reniams | 
in many of the reagents. Not only do tbe time relatiomsliip-s vary ivilh tbe j 
size of the tissue blocks, but also with the porlimi of tlie nervous system from | 
which the tissue was removed. The type of mammal, age of the tissue, and 
maturity of the tissue play a part as ivell. For this reason, wherever indi- 
cated, the time limits are given. In genej’al, the time requirements are not 
rigid and good results are not difficult to obtain. 

Precautions should be taken in the interpretation of the results of tins 
method. Aside from the black particles of degenerating myelin, tlieie nia; 
be an irregular precipitate which may be difficult to differentiate from ad® 
degeneration. Care must be exercised in handling the unfixed tissue to pre 
vent displacement of the degenerating myelin. Although it is best to e 
hydrate and embed the stained tissue block as rapidly as possible, 
important that the process of dehydration be complete. Small pieces o tissue 
may be embedded in paraffin if chloroform and not xylol is used as a c earing 
agent. ^ 

Aside from the time element, the chief disadvantage in this metiof^^^^ 
in the ease ivith which artifacts are produced. However, in 
hands it is fahdy reliable. For routine pathologic work any of 
sheath stains are to be preferred, and for experimental work it is 
control the results with one of the myelin sheath stains. 


Chapter IV 


Neukofibril Stains ^ 

Staining methods for the demonstration of neurofibrils are importt 
to the study of general neuropathologic and tumor material. frozen 

BicJschowslcy’s Silver Method for Nciirofihrils . — This method be 

sections cut at 10 microns from formalin-fixed tissue. The tissue^ 
washed in running water for one-half to one hour before pgraflln- 

sections should remain in distilled water for Iwo hours before staiunic,. 
embedded material may be used also. 

1. Transfer sections to 2 per cent silver nitrate solution aml^‘ 
to remain for twenty-four to forty-eight hours. It is best to ^ 

sections in the dark while in this solution. They may be p 
per cent sih'er nitrate in the incubator at 37° C. and left o^e 
to save time. 


2. Rinse quickly in double distilled water. 

3. Transfer sections to freshly prepared ammoniacal sih 
tion and allow to remain for ten to twenty minutes, 



A JIANUAIy OF NEUfiOUISTOLOGIC TtCHMQUE 


747 


10% 8il\er nitrjite 5 cc 

40% sodium lijdroxidc 5 drops 

"Wish tlio d'lrk brown prtcipititt which is foinitd with three 
th inges of double distilled w ittr Add w vter to nnke 5 cc 'ind dis 
•loUc the precipit ite b\ ^ddmg strong ‘immonium h\dro\ide drop b} 
drop A\(nd in execs'^ of nnimonin Dilute resultint solution to 20 c c 
witli double distilled wntcr 

Tlie sections should be iemo\ed ulicn tliej aie deep bioun m coloi 

4 Kinse lapidb in t^\o cb.nnges of double distilled \\atei, and le 
(luce 111 20 per cent foiinalin made up uith tap uatei Reduce foi fi\e 
to ten minutes The sections should assuine a slate giaj oi giajish 
black color 

5 Wash in double distilled watoi loi ten minutes 

G Tone sections in tlie following solution 

1% gold chloride 15 drops 

Distilled water 10 cc 

The toning solution ma^ be acidified with two oi tlncc diops of 
glacial acetic acid Tientmeiit should be continued until tlie sections 
aie a light leddish-Molet coloi Tt is prefeiable, howe\er to tone 
the sections foi an lioui m a •ver^ dilute solution of gold cliloiide, using 
2 to 3 diops of 1 pel cent gold ehloiidc in 10 cc of distilled watci 
The 1 per cent gold clilonde solufion keeps foi long pei lods ni the 
dark 

7 Wash in distilled watei 

8 Fix ni 5 per cent sodium tliiosulfate for one half to one minute 

9 Wash fieeh iii distilled watei Mount on glass slide fiom 50 
pel cent alcohol blot carefulh complete delndiation in two changes 
of absolute alcohol, and clear in caibowlol (1 10) Mount in balsam 

Theie is excellent staining of tlie axis cAlindeis and dendutes as well as 
the intracellular iieuiofibiillar netwoik The lattei appeals as an mteilaeing 
Meb of delicate fibiils dark blown oi black depending upon the degiee of 
toning in the gold bath The axis c\Iindeis are stained an intense black as 
the dendrites Theie is occasional faint impiegnation of the glial cells 
in tissue winch is the seat of marked gliosis, impiegnation of the glial 
fibers maj be quite definite The backgiound is coloiless oi light puiple 
depending upon the toning 

The sihei nitrate solution should be made fresh just befoie use Caie 
‘'hoiild be taken in prepaiing the sil^ei bath that an excess of ammonium 
hidroxide is not added A small amount of -veil fine graiiulai, black prceipi 
I'lte should be allowed to lemain undissohed At least a litei of double 
distilled watei should be used in washing decanting the fluid after allowing 
file piecipitate to settle Tlie foi malm used foi reduction should be neutral 
^zed With calcium caibonate Sections lna^ be earned up to the point of 
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toiling and then connterstaiiied Avitli the Alzheimer-JIaini metliod for glial 
fibers. Herxheimer ’s method for fat is also a very useful counterstain. 

Cajal's Method for Neurofibrih . — The following- method of Cajal is taken 
from Spiehueyer and is said to give excellent impregnation of neurofibrik in 
the cerebellum. It has been found quite useful for tumor material. 

1. Frozen sections, cut at 30 to 40 microns, from formaliu-fixed 
tissue are rvashed rapidly in two changes of di.stilled water. 

2. Place sections for two to twelve hours at room temperature in 
tlie following mixture : 

2% silver nitrate 10 c.c. 

Pyridine S drops 

96% alcohol 5 to 6 c.c. 

The sections are removed tvhen they assume a light brown color. 
Placing them in an incubator hastens the reaction aiul assures better 
impregnation. Three to five hours is usually enough time. 

3. Pass the sections rapidly through absolute alcohol. 

4. Reduce without previous washing in the following solution: 


Hydroquinone 0.3 gm. 

Distilled water 10.0 c.c. 

Neutral formalin 20.0 c.c. 

Acetone lO.O c.c. 


The reduction is completed iii one to three minutes. 

5. liVash freely in distilled water. 

6. Tone in gold chloride 1:500; wash in distilled water aiul fi-x 
in 5 per cent sodium thiosulfate for one to two minutes. 

7. Wash thoroughly iu distilled water, iloimt on a glass slide 
from 50 per cent alcohol, blot carefully, complete dehydration in t"® 
changes of absolute alcohol, and clear in xylol. Mount in balsam. 


The stain may be completed after reduction, washing freely in 
water, fixing in 5 per cent sodium thiosulfate, washing, dehydrating, 
and mounting as usual. This gire.s the nenrofibrils a deep brovn 
color against a golden-brown haclcgrouncl. 

There is intense impregnation of the nonmyelinated axis jjie 

cially in the cerebellum where the arborizations of the basket cells 
mossj' and climbing fibers are clearly shown. These elements aic 
black upon a light gray or purplish-gray background, the lattei 
chloride toning is employed after reduction. jj^ssa"^ 

The reducing solution keeps well in a tightly stoppered jjlvor 

of the sections through the absolute alcohol after impregnation 
bath should be done rapidly to prex-ent loss of silver. The method r 
results on tissue which has been fixed in formalin for several jears. 


fTo be continued.) 



A snrpiji: blood piPBTrc clbaner' 


Osc \R Bloch, Jr , M D Loi is\ n i r K\ 


I N AN cffoit to lessen the duul"on of a lms\ elinieil labol‘^tol^, tlic follo\\in‘r 
device foi simultaneoush cleaning: sevcial blood piptttes was made 



Fig 1 


A Wide mouthed (60 70 cc to one half pint) jai is fitted vvitii a tubbor 
' stoppei tluough which eight small (3 mm ) holes m two stiaight lines, and one 
(G mm ) hole near the edge of the stoppei aie boied, as shown in the 
dravMiig Into the laigei hole is fitted a glass L tube connected b} a lubbei 
tube to a faucet suction pump The eight holes, which aie sloped tow aid one 
saotliei on the outside of the bottle, icceive the butt ends ot tlie pipettes 

•From the Department of Pithologj Unhcrsity of LouIsMlIe LouIsmUo Ka 
R ecel\ecl for publication June 17 1938 
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In use, the holes are loaded with pipettes, and the suction is turned on. 
The bottle is then inverted successively over the distilled water, alcohol, and 
ether bottles, so that the tips of the pipettes dip into these fluids. \Yaste fluid 
entering the wash bottle is drawn off by the suction tube, whose inner end lies 
flush with the inner surface of the stopper and is held doummost in use. If all 
eight holes are not needed, the unoccupied ones can be covered by the finger. 

The pipettes are dried by merely setting the bottle domi on the table, the 
hands then being free for other tasks. If one wishes, the ether wa.sh can be 
omitted, and the drying done for several minutes after the alcohol. 


SMALL ANIMAL HOLDERS FOR INTRAVENOUS INJECTION* 


K. K. CiiEN, Ph.D,, hl.D., AND CUARLE.S L. RosE, A.B., Indianapolis, Isn. 


TNTRAVENOUS injections in rodents are no novelty to pharmacologists 
•I and physiologists, hut satisfaetorj' animal holdei’s seem to be wanting. 
In the late Professor A. S. Loevenhart’s laboratory at the UniveKitj o 
Wisconsin, a mailing case was used for injections into one of the tail 'uns 
of rats — the bottom of the case being perforated, and the lid being rep ace 
by a cork udth a hole at the edge to accommodate the tail. This smipe 
device usually served the purpose. Its chief disadvantages are, howc'eb 
retraction of the tail by small animals and difficulty in cleaning t ic cat 
board case. With the aim of improving this apparatus, we have devise me 
holderst for mice, rats, and guinea pigs, and found them so eonvenien n 
■ they maj" be suitable for other inve.stigators. 

The rat holder as shown in Fig. 1 consists of two hollow 
side tlie other. The outer cylinder measures 9.4 cm. in length, and . cim 
outside diameter, its thiekness being 0.25 cm. all around. One ° 
closed with a perforated plate. The holes are evenly distributed, 0- 
diameter, and 7 in number — adequate for ventilating purposes. 
cylinder is telescoped into the outer one. It is 7.5 cm. long, 0.2 cm. t iic 
4.S cm. in outside diameter. A sAvinging door Avith a marginal noie, - 
diameter, for the tail, is fixed around a pin. A shalloAV groove 
tudinally on the outer surface of the inner cylinder to slide over the tip o 
A. If the rat is heaAp’^, the diaphragm B is sAAUing out around the pm o 
more space. This has the same number of perforations as the end T jjj 
entire holder is mounted on a solid, short rod, 6.3 cm. long an • ^ 
diameter, and is fitted into a hollow tube rooted in the center of ^gans 

15.4 cm, by 12.9 cm. bj^ 2.5 cm. (height). It can be loAvered or raise 
of sereAv C. 

1 of JledFme. m' 

•From the Eilly Research Laboratories and Indiana University Schoo 
dianapolis. - _ „!oHps for 

Demonstrated at the Meeting of the Federation of American bo 
B iology, Baitimore, Aid., Alarch 3J to April 2, 193S, 

Received for publication, June 23, 1938, HI, jir. Dimer ^ 

tThosG workers who do not have shop facilities may communlca j,. of these 
a machinist, oOlO VA'est AVasliington Street. Indianapolis, concemms tne s rv 
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The mouse holder is similar to that for the rat, only much smaller. The 
outer cylinder is 4.1 cm. long, 0.2 cm. thick, and 3 cm. in outer diameter. The 
end plate has 16 holes, each measuring 0.32 cm. in diameter. The inner cylinder 
is 4.1 cm. long, 0.2 cm. thick, and 2.7 cm. in diameter. The marginal hole for 
the tail is 0.38 cm. in diameter. No diaphragm is needed on the outer cylrader 
because the holder can easily accommodate mice of all sizes. 

The cutaneous veins of the four legs of guinea pigs offer good routes for 
injections, the forelegs being more preferable than the hind limbs, and the left 
foreleg more preferable than the right for a right-handed individual. The 
holder as shown in Fig. 2 will support the body of the animal with the liead 
and forelegs exposed at one end, and the hindlegs at the other. This hivahular 
device, 10.4 cm. long, opens around the hinges, and lodes itself by a spring catch 
X when the upper half is approximated ivith the lower half. A thin strip of sted 
sheet is soldered beloiv the lower border so that the upper border can overlap 
it in closing. This prevents catching of hair or skin between the two lialves. 
The lower half is also provided with semilunar borders at both ends. In order 
to hold the pig tightly, a concave plate is hung on the inside of the upper halt 
and can be lowered or raised by screw Y. 

The advantages of these holders are obvious ; simplicity of manipulation, 
complete immobilization of animals, speeding up of the work, capability of the 
operator to work alone, and ease in cleaning. It cannot be overemphasized that 
the toxicity data olitained by the intravenous injection in small warm-hloo c 
animals are far more valuable than those by subcutaneous injection m 
amphibians, such as the frog. Incidentally, the same holders can also scric o 
secure blood samples, either for cell counting or for microchemical ana .ises. 
The exposure of guinea pigs’ heads permits the measurement of their pupis. 
teeth, and so forth. The sizes of these holders are entirely arbitrary to suit om 
own needs. The mouse holder will accommodate animals weighing 
and 35 gm. ; the rat holder, between 80 and 200 gm.; and the guinea pig 
between 250 and 350 gm. The material employed for making our 
consists of cast iron and stainless steel. The finished product is all c 
plated, except the base which is painted black. There is no reason, however, 
other metals or hard rubber cannot be tried. 

SUMMARY 

Holders for mice, rats, and guinea pigs for intravenous injection have 
described. 



A SIMPLE jMETIIOD FOR VISUALIZING PRESSURE AND VOLUME 
CHANGES APPLICABLE TO OBSERVATIONS ON THE RHYTHMIC 
VARIATIONS IN THE PERIPHERAL CIRCLLATTON' 


C Wl'=5lcr Scull, PhD Ani\Gro\ Pv 


I NCIDENTAL to a sunej of the laetliods used ]u the studj of circulation 
among ehiomc arthrities^ it occiuied to me that it might be possible to 
empio} a simple dcMce utilizing the elastic piopcities of thin glass plates, 
togetliei uith the pheiionieiioii of Ncu ton’s iings ni detecting the changes of 
lolume and piessiue associated uith the peiipheial floiv of blood As £ai as 
I am auaie, no method employing this piineiple has hitheito been desciibed 
To test the praetieabilitj of such a pioeednie, an oidmarj ‘ noiicorro 
sue*’ inieioscopic slide (25 bj 75 b\ 1 mm ) and a No 1 co\ei glass (22 by 
40 mm) ueie cleaned uith chiomic acid solution inisod ■with uater, diied, 
and then flamed to lemoAe a film of moistme Tins piepniation simply ser\ed 
to pioMde fauh clean and lelativeh nonsticking suifaccs The two glasses 
weie piessed togethei with a sheainig motion One edge of the co\ei glass 
lias then attached to the slide neai the midlme bi moans of cement oi a 
iniiow stiip of adliesiic tape or of gummed papei When such a slide is 
held 111 a rigidlj fixed position and piessiuc oi a weight is applied to the 
eoiei glass, a pattern of light and dailv bands appeals Tins optical phe 
nomenon, due to the inteifeieiice of light waies associated with lefieetnig 
surfaces separated bj a thin la}er of air of iionninfoini thickness, is known 
as Newton's iings When Mewed fiom the angle of reflection in reflected 
poh cliioniatiG light, the pattern appears as a seiics of biilliantB colored bands 
against a white backgionnd When Mewed in monochiomatic light, the bands 
are made moie clearlj CMdent and appeal as daik lines against a lightez back- 
giomid of the color used The lattei airangement is prefeiable for obser-\a 
tioiis on peupheial pulsation inasmuch as biiglit reflected light obscures the 
pale eoloied bands which fiist appeal under minimal piessure 

These phenomena ]la^e been used in static measinements of the curvature 
of lenses, and in the deteimniation of the optical regulaiity of plane siufaces 
The pioposed use inioBes the additional utilization of djnamic phenomena 
^'bieh take advantage of the fact that when the piessure applied to the thm 
(lefoimable glass slip is aaiied the thickness of the air laj ei is thereby 
n^othfied, and this m turn alteis the inteifeieuce pattern When changes of 
presume aie exerted m a legulai sequence, the impiession of a contninons 
oioiemeiit of bands is piodueed which paiallels the modification of applied 

P>'essuro 

•From tlie I,'iboiitor\ of Rheumatoid Di«'ea<?e<5 Vbington Jlomorial 
Hocehoi for publication June 25 193S 
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Thus, if siieli an an-angement of glass plates lieltl in one liand is placed 
over the ivrist ivith one end of tlie slide resting on tlie styloid process of l!ie 
radios with the cover slip directed downward over the radial artery wluie 
slight, hnt constant, pressvtre is maintained from the opposite end of the .slide, 
pulsations are made clearly evident by a rhythmic .shifting of the eolored 
bands. By fixing the attention on one band or one central circular area, it is 
possible to recognize a rapid extension of a band from its base line or aa 
enlargement of the circle snceeeded by a deerea.se in diameter, aiul this in 
tnrn is followed siiortly by a slight rebound which is succeeded by a vetarii 
to the original position. The phases of the pulse are thus made visually evi- 
dent by tlie momentary “peaks" in the alternating ebb and flow of the bands 
from their basal levels. 


The eircnlatory pnhsations in the finger.s may he made evident in a siroiiM 
fasliioa. In order to maintain the finger in a fixed position and to applj 
constant pre.ssnre on the .slide it is necessary to provide a stage for supporting 
the finger and a holder for the slide. A simple, bnt adecpiate, rack for fin'^ 
purpose ha.s been made with a ring stand, clamps, and a burette hohlet, 
ai’ranged so that the finger may be rested upon a block and the slide, held 
in a burette holder, may be turned downward to bring the slide to a position 
in which the lower .surface of the coA’er .slip touches the finger. If a stand is 
not available, a substitute may be made by laying the slide on a finpoi" 
loosely attaching it by means of strips of adhesive tape to a splint on 
opposite side of the finger. The optimal position is that in which the 
degree of pressure required for jorodueing bands is exerted. Under 
conditions pulsations become cleaidy eA’ideut. Obstruction of blood Soiv o 
the hand by the application of pressure on the brachial artery re.snlts m ■ 
prompt cessation of tlie “movement" of the bands. ^ ^ 

Fig. 1 shows the general appearance of the interference bands pi ouie^^ 
by application of the slide to the finger. Illumination, daylight, espo® 


one-teutli second ; size, one-half actual, 

Fig. 2 illustrates the general sequence of changes which can be 
readily with the simple dcA’ice applied over the radial artery oi to tbe 
of a norma! subject. It is evident from this diagram that a maiked arol 
tion of the actual vertical moA'ement, with respect to the plane of > 
surface imparted to the thin glass, is achieved by following the 
movement of the interference band. If it can be assumed that pj air, 

change of eoloi’, representing the modification in thickness of tlie a.ie ^ 
is indicated by the respective rvave lengths of light, it would 
movement imparted to the thin gla.ss in the order of 0.0001 mill, is 
Since with such a color change there is a shift of the bonndai.' ap- 

lent to 5,0 mm., it may be deduced that an apparent amifiifiC'if'®” 
proaching 50,000 times the actual movement may he realized. poiorfd 

With ordinarv cover slips the pattern produced by the lines 
field is not uniform, due to irregmlarities in the snviace o 
cover slips, such as are itsed for blood eonnting cliambeis, tie 
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in a inoie nearl> iiiuionn .uiangenicnt Tlie lattei combinatiou vvliile pie- 
sentiiig wide bands and a deal cut icgulai pattern is not essential foi lecog- 
inziiig changes in the iiiagiiitude ol applied picssiiie In fact the tliickei 
glass IS less sensitive as an indicatoi of lapid changes and shows a definite 
lag in following the alteinations of applied piessiiie In addition, the foices 
lequned to niodifv the pattern aic gieatei tlian with llinmei glass because of 
the lesser degiee of defoiniahilitv of tlie thuKei glass 



Fig 1 — Photognph of 5pl j Emo«co|)c showing mtcifeiente b-inils 
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In order to inciease the sensitivilv to the lapul alteniation m piessure 
and provide a faiilj lepioducible pattern a segment of a No 1 cover slip, cut 
fo 8 mm bj 22 mm , was attached to a slide peimittiiig space at each end for 
clamps It has also been noted that sliglit elevation of one oi both ends of 
the covei slip bj means of a nairovv tliiii stiip of glass oi thin copper foil 
(0002 Inch thick) makes the aiiaiigeiiient more lapidlv lespoiisive to changes 
>» applied pressuie Tins is due to the fact tint with the lelease of piessure 
fiom the ceiitei of the thin glass theie is as light but definite, tcndenev foi 
the glass to spiing hack hejond the limit neccssaij for the appearance of 
mterference hands 

There are seveial obvious vvajs in which such a device mav he utilized 
clniieallj It might be emplojed for the puiposes seived bj other forms of 
aseilloinetiie and sphv gmosoopic devices Among these inaj bo mentioned the 
detection of the piesenee oi absence of pulsations in a menibei suspected of 
^laviiig an obstruction, as an oscillometer In addition to this use, the dewice 
Wav be emplojed as a sphvgmoscope oi an indieatoi foi detei mining the pres 
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ence of conditious associated with abnormalities of the pulse pattern, e.g., iii 
showing the relative position of the dicrotic wave in aortic regurgitation and 
other cardiac states. 

To survey further the practicability of the procedure, a preliminary series * 
of observations upon a few noiunal individuals and several patients with clear- ^ 
cut cardiac and circulatory diseases have been made. Diffei’ences in the pulse ' 
pattern have been made qualitatively evident. In cases with aortic regurgita- 
tion the dicrotic notch has been recognized as being closer to the base line than 
in normal subjects. In patients with impaired circulation in the bauds and 
feet absence or decrease of pulsations has been made evident. These observa- 
tions indicate that the pi’inciple may be utilized as a supplement to other 
methods for the ready demonstration of variations in the peripheral circulation 

The procedure is now presented merely as an accessory method for visual- 
izing the state of circulation at the periphery. Pulsations which are made 
evident at peripheral points ai’e obviously the resultant of those forces driving 
the blood through these parts and the elasticity of the tissues. As described, 
the procedure apparently provides an index of the sudden rhythmic volume 
changes in the peripheral tissues chiefly determined by the cardiac cycle, and 
represents roughly the pulse volume changes. 

One evident shortcoming inherent in the simplicity of this procedure is 
that it is not strictly quantitative and includes no method for providing a 
permanent record of the data for comparative purposes. Eefinement wit ‘ 
respect to these factors by employing oiitically plane, thin glass slips, a me- 
chanical stage suitable for adapting the glass at a constant and reprodum « 
pressure, and elaboration with photokymographic accessories for recor mg 
the ebb and flow of the interference bands, would meet these difdculties an 
make possible a better analysis of the pulsations. However, the simple pro 
cedure described provides a new and qualitatively adequate means for 
izing tlie presence of pulsations, together with some of the characteristics 
the rhythmic pressure and volume changes in the peripheral tissues. 
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UNRELIABILITY OP OXALATED BLOOD IN DETERMINATION OF 
ERYTHROCYTE SEDIMENTATION RATB^ 


Svaiurii Bfrg, jM D , Newark, N J 


S INCE its iedisco\ei.^ In r«ilnac«s in 1018 ‘ tin. siispcnsum stnliilih of plasma, 
bcttci known as tlic sedimentation loaction of CI^thlop^'tes {designated S 
R ), has been the subject of mimeious laboiaton and clinical studies aimini? to 
deteimine its ^alue as a diagnostic and piognostic pioccdiiic The recoided find 
mgs of \aiioiis workeis aie so contusing and < ontiadictor\ tliat the lelatioiiship 
of the sedimentation rate to the condition of the i>aticnt is still unsettled It was 
simple enough, in the dajs of limited medical knowledge to diaw fundamental 
conclusions from the mannci in which laigc quantities of diawn blood settled 
into Injers, but modem medicine insists on a moie detailed studj of the falling 
rate and its relationship to moibid piocesscs Vaiious techniques ha\e been sug 
gested, all depending on the use of cliemical anticoagulants Tins is meielj one 
of a numbci of manciucis likely to mtioduee eiiois m the final deteimination, 
cnors which internists, although cautioned about, ha\c not fully appieciatcd 
especially as regaids the anticoagulant Too often \anations due to technical fae 
tors ha^e been assumed to be due to disease processes and undoubtedly this is 
partly responsible foi the contradictoij opinions conccining the test All anti 
coagulants introduce some dogiec of eiioi, but in genoial widei ^allatlons ha\e 
been noted with oxalates than A\ith the others This is cspecialh impoitant in 
’'icw of the growing piacticc of hospital laboratoiics of using oxalated blood for 
many loutine determinations accoiduig to s\f)tcins de\ised bj liematologists ^ 
The tests that ai e said to gl^ c i eliable results *n e the i ed and w hite cell counts 
platelet and reticiiloej te counts, hemoglobin, chemical contents, and ictciic index 
if determined within thiee houis, and also the erjThrocj’te %olume index and the 
sedimentation rate if the blood is mixed in the piopoition of 1 c c pei 2 mg 
potassium oxalate The adoption of a s\stcm of this kind sa\es considciable time 
and trouble of patient and intcin, inasmuch as a single bleeding gues tiie laboia 
I 015 oppoitunity to complete the loutine determinations now expected of all new 
admissions to liospitals Tins is the main icason foi the substitution of oxalate 
for citrate m deteimmmg the sedimentation latc Another is that di\ oxalate 
Pan be kept indefiniteh m a contamei read\ foi use, wheieas citiate solutions 
lend to deteuoiaie and must be kept stciile if diawii into the sjiiiige wlien oh 
taming the blood Piutliermoie, the method has been lecommendod as reliahle 
^'3 good authoiitios At one time the authoi included tlie sedimentation late test 
m loutine detciminations on oxalated blood fioin tuboiculoiis patients, but found 
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the results to be so variable that its dependabilitj^ as an index of the status and 
progress of lesions was questioned. By exclusion, the anticoagulant was sus- 
pected to he the cause of discrepancies, and, in order to cheek on this, several 
experiments were performed, the results of which it is felt deserve recording. 

Heparin and hirudin are considered to be the best anticoagulants in that 
they have very little or no influence on the sedimentation rate, but their expense 
and uneertaint 3 ' pi-eclude their I'outine use. Fluorides ina}’’ be dismissed from 
consideration. Up to recent jmars the most popular method was that of 'Wester- 
gren,^ in which blood is mixed with citrate solution. As for oxalates, some 
internists drew attention to undependable results following their use ; otheis pub- 
lished data showing quite consistent readings when the tests were run in dupli- 
cate with eitrated or heparinized blood. That the question of the influence of 
various anticoagulants on the sedimentation rate is in need of further study is 
quite evident from the contradictory conclusions arrived at by' various workers, 


several of whom will be quoted here. 

'Westergren'* found that the sedimentation rate of blood eitrated according 
to his technique is not materiallj’- affected, but that it is slowed after twenty-foui 
hours. Peterman and Seeger^ noted variations among different anticoagulants 
which were difficult to interpret. Pinner, Knowlten, and Kell}'® ran n 
duplicate tests using eitrated and oxalated blood according to 'Westergien s 
method (height of column), and found that low sedimentation rates are nsua 
higher in oxalated blood than in eitrated blood, and that with high rates tic 
relation is frequently reversed. Ernstene^ claims that dilution with M uim 
citrate solution makes accurate readings impossible. Rourke and Plass on ^ 
that sodium fluoride, potassium oxalate, and potassium citrate retard the a iDo 
rate ; that the rate of sedimentation varies inversely with the concentration 
salt necessary to prevent coagulation ; and that increasing the concentiation 
any of the above anticoagulants ahvays slows the rate. Contrariwise, 
and Laiidsberg® claim that potassium oxalate in tlie proportion of 2 mg- P®'’ ^ 

of blood is a satisfactory anticoagulant and does not depress the rate of so 
They remark that the disagreement between their observations 
Rourke and Plass can probably be accounted for in part by the somew la 
concentration of oxalate they used, and then add that the}' failed to 
sistently depressing effect on sedimentation even with greater 
oxalate such as these investigator's used. Hinton’® claims that citi’ate am o-^ 
slow the rate Iry altering the shape and surfaces of the red blood ^ 

minish the agglutinabilitv' of the cells. Sasaiio, Ordway, and Medial o^^ 
oxalates in minimal quantities are very satisfactory in sedimentation l . 

ininations, yet Table VI in their article shows the average rate of 
in duplicate to be 11.2 mm. by the citrate method and 17.3 mm. b} 
method, results which may be satisfactory in that they both are s ou 
tainly not accurate for comparative purposes. Dorfman and BrooiS ^ 
results which show ; first, delay in performing the test causes s ow nin 
sedimentation rate with both oxalated and heparinized blood; secon 
of delay are shown much earlier with oxalated blood than witli 
and third, heparinized blood settles more slowly than oxalated b oo 
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Gregg, and Gucuisej “ c\piess satisfaction w itli citiatc used iccoiding to Westoi 
greii’s mctliod and -nith oxalate in the piopoition aliciuh mentioned Ham,“ 
houeici, tliniKs tint solutions of sodium citiatc cause signitieaut sloping of the 
sedimentation late due to dilution and to salt efttet, and that potassium oxalate 
in a concentration of 2 mg pci 1 e c of blood has no significant effect Haskins, 
Tiotmaii, Osgood, and Jrathien'-’ slate that eompaiatnc studies of oxalatcd blood 
and blood diluted nitli citiatc slioncd that the use of oxalate did not introduce 
clinical eiioi , the test is to he stalled nitliin thiee lionis of dialling the blood 
llattice’® found dii oxalate snpciioi to eitntt solutions but docs not concur 
iiith Haskins and 'Wiiitiobe in the belief that the test nnj be set up iiitbm tliiee 
hours of taking the blood, it mnst be done immcdiatoli At loom tcmpeiatuio 
pathologic blood lapidlj changes its sedimentation latc in the diiection of noimal 
ll'hitbj and Button’' bclieie the test to be so sensitiie that an exact technique is 
essential It is important to set up the blood at the ciiliest possible moment, ic- 
siilts after an lioui oi tno dela\ aie iiLici so leliable as those obtained immedi 
ately 

Obiionslj, such diieigcnt oiimions must mean tint the test is not as fiee 
from intrinsic faults as its teehmeal smiiilieiti suggests Piesumablj, ceitain 
'cry important piecautions wore obseiicd b\ all those whoso opinions weie 
(pioted, such as the use of clean glasswaie and the inainteiiniice of tubes in a 
perfectly loitical position dining tlie test Some of tlie aiticlcs did not mention 
the length of blood column or time intciicnmg between obtaining the blood and 
performing the test Bceausc all these aie pottnti il soiuccs of orioi, and beeaiiso 
comparison of lesnlts obtained by diffcicnt iniestigatois is uiifaii unless a uni 
form technique is used, the pioceduie followed by us will be gnen in some detail 

Blood was withdiawii fiom aieiii in the cubital fossa with a dry syiiiige be 
fere bieakfast Citiated spociineiis weie piepaied by mixing 4 paits of blood with 
f Pait of 3 8 per cent sodium citiatc solution alicady accuiately measured out in 
acontainci Oxalated specimens wcic piepaied by mixing blood with dry potas 
Slum oxalate in the piopoition of 1 c e to 2 mg , in piacticc, 8 c c of blood were 
transferred to a container in w Incli 0 8 c c of 2 pci cent potassium oxalate solu 
tion had been dried in a hot air oien The specimens weio then diawn up to the 
200 mm mark in tubes baling a boie of about 2 5 to 3 mm , and the tubes weie 
"ict up in a lack in a peifeeth icitical position The tests wcic poifoimed at 
worn tcmpeiatiire within a half houi of obtaining the specimens The tubes weie 
cleined with tap watei, alcohol, and etliei, and dried with a laeiium pump The 
column of cleai plasma was lead at the end of fifteen, thiiti, foity fi\c, and 
S’ity minutes, but onli/ the final leadings ate lecoided in the tables The tubes 
"ere read m siiccossion at inteiials of twenti seconds, the appioximatc time 
taken to set up each one in ordei This piceautioii must be obsened for exact 
ccsults when performing the test simiiltaiieoiish witli many tubes, especially 
'"ken the lates aio fast Patients aie designated alpbabetieally, the letters repie 
renting diffeieiit patients in each cxpciiment 

To Xotc the Consistcncij of S R With Ciliated Blood — SuiTicient blood was 
"tthilnmi fiom each patient to set up 4 columns of blood simultancoush , and 
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the rates were determined at once. It will be noted from Table I that the fall 
is quite consistent. This serves as a check not only on the consistency of the 
sedimentation rate of citrated blood but also on tlie accuracy of our technique. 


Table I 


case 

1 

TUBES 

2 8 

4 

A 

19 

19 

19 

17 

B 

22 

24 

27 

20 

C 

39 

34 

? t 7 

42 

D 

73 

71 

65 

70 

E 

00 

55 

54 

53 

F 

7 

G 

s 

7 

G 

42 

40 

41 

42 

H 

14 

14 

14 

13 


To Note the Consistency of S. R. With Oxalated Blood . — The above expcii- 
ment was repeated, using oxalated blood. Table II shows that the fall is quite 
consistent if the rates are determined without delay. 


Table II 
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To Note IJffcct of Time Intcnnl on S li , XJ^nnej Citiaicd and Oxalatcd 
Blood m Dnpheate Tcbis — Blood anas diawn fiom 19 p'ltients and each sample 
^\as divided into tno poitions, one A\as ciliated and the othei ^\as o\alated as 
desciibed The sedimentation latcs ^\elc dctcimmed on all specimens soon aftei 
uithdiaval In 5 cases tlic latcs ■v^cre dcteimined agrain tuo lioius later, in 5 
othei cases, thiee Iioiiis latoi , and m 9 cases foiii horns latei Tlie lesults aic 
slioivn in Tabic V 


Tvbtf V 


CASE 

SOON AFTEP 
BLEEDINC 

2 iir 

later 


CITR \TFD 

0\ \LATED 

ClTPwVTFD 

OXAL VTED 

A 

80 

SS 

so 

65 

B 

03 

53 

57 

12 

C 

GO 

32 

1 ) 

24 

D 

10 

3G 1 

](> 

11 

E 

78 

100 

"8 

hr 

77 

Htor 

T 

00 

78 

05 

7 

G 

33 

30 

32 

5 

H 

53 

4S 

52 

0 

I 

02 

80 

95 

0 

J 

99 

in 

122 

4 hr 

htPr 

K 

34 

36 

32 

70 

L 

41 

43 

37 

11 

U 

44 

42 

43 

45 

N 

10 

18 

12 

7 

0 

42 

47 

34 

9 

P 

120 

123 

97 

10 

Q 

SO 

32 

2S 

32 

R 

50 

59 

52 

22 

S 

0 

11 

4 

2 


On compaiing the figuies m columns 1 and 2 (citiate and oxalate soon aftet 
vithdia^\al of blood), one mil note that thcic is a lathci maikcd disci epanej in 
cases C and D, in one case tlie oxalatcd specimen shomng a rate ti\ice that of tlie 
citrated specimen, and in the other case jnst the ic\eise In all other cases the 
djjfeionces, though moderate and not of gicat piactical significance, are still too 
for comparatne puiposes ’When tested immediatelj, a citiated blood will 
shoi\ a fastei latc than the same blood oxalated occasional!} the re\eise 
occuis Aftci an houi oi more, the rates are markedl} retaided Mith oxalated 
blood 

The figuies in columns 1 and 3 (citiated blood tested soon aftei bleeding, 
‘'*nd ti\o, thiee, and foiu hours later), beai out \ihat ^^as seen in Table I tliat 
titrated specimens give readings that aie quite consistent oier an intenal of 
three hours, and e\en of four liouis 

Compaiison of the figures in columns 1 and 4 (citiated blood soon aftei 
bleeding, and oxalated blood t-wo, thiee, and foui houis latei), shoiis that these 
intcnals of time gi%e sedimentation latc leadings nliich aie ridiculously le 
larded m 11 out of 19 cases, and markedly inci eased in one case It is quite ap- 
Ptrent that any mateiial intenal of time betneen oxalatiiig the blood and deter- 
"oiniig the sedimentation rate maKes tins pioeeduie leij unti ustn ortlij 
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To Note the Effect on the 8. R. of Addin y Oxalate to Citrated Blood—'S.M 7 
was witlidi'awii fi’om D patients and citrated in tlie usual manner. Each spfci- 
men was then divided into tlu’ee portions of 3 e.e. each. One portion was Mt - 
as such ; to the second portion was added 1 drop of a saturated solution oi 
sodium citrate ; to the third portion was added 1 drop of a saturated solution oi 
potassium oxalate. All tliree specimens from each patient were then set up and 
the sedimentation rate determined simultaneous!}'. It will be noted from Tatle 
VI tliat the increased concentration of citrate causes a decrease in the seclirofufa- 
tion rate rathei’ consistently, as expected. Wlien oxalate is added, however, tk 
changes are inconsistent, the rates being much faster in 1 case, much slower in | 

4 eases, and approximately nnehanged in 4 eases. It is evident that oxalate in- 
troduces a variable tliat makes it absolutely unreliable as an anticoagulant is 
determining the sedimentation rate. Of course, in actual practice much smaller 
quantities of oxalate are used in performing the tost ; but, as was noted in TaWc 
V, even then the results are undependable soon after mixing, much more sowift 
increasing intervals of time. 


Table YI 


CASE 

OniGIKAT, 

CITRATED 

OXAIATED 

A 

27 

24 

.62 

B 

113 

SO 

12 

C 

31 

26 

8 

D 

22 

20 

25 

B 

3G 

34 

3S 

r 

45 


IS 

G 

12 

S 

5 

H 

3 

2 

1 

I 

32 

26 

6 


To Note Whether Diluted Oxalatcd Blood Reduces the Error in the S. 

It has been sliown that blood diluted up to 20 per cent of its volume with 3. 
cent sodium citrate solution has a sedimentation rate not mirch different m 
same specimen prepared with lurudin or heparin; the resulting increase lO- > j 
if any, certainly does not approach that expected according to results 
in experiments in whieli the volume index of blood was decreased hr i 
with its own plasma.’® Tire question arose as to whether dilution fo}. 

ency to correct the error introduced by an anticoagulant. According ^ ^ ji,. 

lowing experiment was perfoi’med. Blood was citrated with citrate so^ 
Westergren ’s tecimique, and another portion of the same blood was 
dry potassium oxalate. The latter was divided into two potas- 

was then diluted to one-fifth of its volume witli oxalated saline ( ’jjj„je 5 
sium oxalate per 100 e.e. normal saline). The use of pure norma 
the anticoagulant effect of the original oxalate, hence the necessit} o^ 
oxalate in the diluent to prevent clotting. The three specimens wc^' 
once and the sedimentation rate determined. 


rates 


From the results in Table VII, it vvill be seen that the {hose 


: closely ■ 

of citrated blood than do the diy oxalate specimens. Hence, if wit^' 

routine sedimentation rate determinations on specimens of h oo P 


of the diluted oxalated blood (termed rvet oxalate) agree more fo do 
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dry o\akte m the xoutiiic iiaj , less abciianl lesults niaj be e\pected if the por 
tion of blood used foi this pm pose is fiist mi\cd with one fifth its xoUiiiie of 
oxalatcd saline, proiided theie is little delay in the piocedure 


Table A II 


cAsr 

CITPATFD 

DPT 

OXAL \TED 

■UET 

0\ MATFD 

A 

G 

G 

G 

B 

7 

8 

( 

C 

3^ 

20 

in 

D 

21 

26 

20 

E 

5 

12 

9 

F 

14 

25 

15 

G 

S3 

SO 

cs 

H 

118 

122 

128 

I 

48 

(»'* 

n 

J 

C2 

84 

6i 

K 

31 

13 

11 

L 

15 

2C 

17 

M 

101 

too 

112 

N 

IIG 

116 

301 

0 

32 

32 

20 

P 

90 

320 

99 

Q 

ss 

117 

90 

E 

GC 

99 

64 

S 

61 

90 

61 

T 

37 

56 

SS 

XJ 

74 

80 

75 

V 

4 

6 

4 

W 

71 

92 

72 

X 

105 

101 

307 

Y 

51 

90 

56 

Z 

80 

no 

80 


suini Mti IND CONCLUSIONS 

1 Blood eitiatcd aecoidmg to Westeigien’s method shows sedimentation 
rates which maintain consisteut lates tor at least four horns Tins consistency 
warrants the acceptance of the sedimentation latc with ciliated blood as reliable, 
any deuation fiom the true latc due to dilution oi salt effect is constant, and 
has already been discounted in the esiablishment of the noiinal latcs by' this 
method 

2 Blood mixed with diy o\al.ite iii minimal quantities, le, 2 mg of the 
potassium salt per 1 c e of blood, will show sedimentation lates which arc faiily 
reliable only if peifoinied with no delay 

3 More accurate sedimentation latcs wiU icsnit with blood thus oxalated 
ior routine studies if the poi tion used foi the test is diluted w ith one fifth its 
'ohraie of oxalated noimal saline and tested at once 

4 Sedimentation late deteiminations made with oxalated blood aie abso 
hitely inuchablc if the delay between oxalatmg and testing is an hour or longoi , 
thelongei the delay, the gieatci the incidence and degiee of ciioi 

5 In large institutions xs’hcic it is dcsuablc to include the sedimentation 
rate m the routine blood detei miiiaf ions and beaiy laboiatoiy schedules make 
immediate examination impiactical, moic leliablc and acemate lesults will be 
““tamed by dishihuting tubes containing 0 5 c c of 3 8 pel cent sodium cidatc 
solution and liaxing 2 c c of blood syiingcd into this contamex at the time blood 
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is drawn for other determinations. This amount (2.5 c.c.) suffices for use in a 
Westergren tube (200 mm. by 2.5 mm. column). The test may be performed at 
any time within four hours of citration. 
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LABORATORY METHODS FOR TESTING FUNGICIDES USED IN THE 
TREATMENT OP EPIDERMOPHYTOSIS* 


EilaJI Bu^u^GA'\IE vnoGeorieP Reddish St Louis, Mo 


T he disease condition lecogmzcd .is cpideimopintosis commonh kno\\n as 
“athlete’s foot,” has incieased considerahH diumt; iccciit Mais This skin 
infection no\\ affects appioMinatclj one third of the population and is ^Mdel^ 
and geneialh distiibuted thioiighout most paits of the ^^olld With the in 
cieascd pre\aleiice of this disease and more gcmral luio%i ledge as to its cause 
theie has been a consequent mcieasc in the iisc of eoitani fungicides m tieating 
this condition The fungicides employed ha\e been selected after clinical e\peri 
eneea ha'ie demonstiated then meiit foi this puipose In \itxo tests have also 
been made to some c\tcnt in which various laboiaton procediues have been em 
plojcd So far, however, none of the laboratoi> methods suggested have piovcd 
ontiielj satisf actor j 

Probablj the fiist laboiator^ method of mciit was the one proposed bj 
Schamberg and Kolmei^ in 1922 In this method three of the most common 
pathogenic fungi were used as test organisms foi determining both fungistatic 
and fungicidal aetivitj For determining fungistatic activity the test oiganisms 
vveie inoculated on Saboiuaud’s agar slants containing various concentrations of 
the compounds tested and then observed foi inhibition of growth In the fungi 
cidaltest the same test oiganisms were giovvn on Sabouraud’s agar, suspended in 
saline solution, and mixed with different conccntiations of the fungicides tested, 
transfers being made to slants of Sabouiaud's agar at time inteivals fiom fifteen 
minutes to twenty-four hours 

This method, or some modification of it, has been used bj manv other work 
ers m this field and is still quite gcnciallj emplojed Myers and Thienes^ used 
essentially the same method in leporting on the fungicidal activity of certain 
volatile Oils, Kingeiy and Adkjsson,® Woodvvaid, Kingeiv, and Williams,'’ and 
Ringery, Williams, and Woodward,® used certain modifications of the metliod of 
Schamberg and Kolmci in their extensive studies on volatile oils steal optens, and 
phenol deiivatives Kiarmann, Shteinov, and Gates’” ® made use of essentially 
fhe same technique in their studies on the fungicidal activity of derivatives of 
parachlorphenol and oithochlorphenol Stovall, Pessiii, and Almon,'’ and Maple 
stone and Dey’® used modifications of this test in studies on thjmiol and ceitam 
other fungicidal substances McCrea’^ in 1931 suggested that the Schamberg and 
ffolmer method, oi a slight modification of it, be adopted as the standaid method 
fungicides 

*rrom the BacterioloEy Laborator> of the t^ambert Pharmacal CoTTipan> St Louis 
Received for publication July 20 1938 
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Wliile this method of test has served a useful purpose in separating tliose 
substances which are fungicidal and may he effective for treating cpidermopliyio- 
sis from those which may not have any merit for this purpose, there are, however, 
certain objections to this method which should be mentioned at this time, esp^ 
cially since this procedure has been suggested as a standard test. The first objec- 
tion to this test is that it does not in anj’' way simulate practical conditions of 
use. In fact, tlie conditions created in this test are just opposite to tliose met 
with in practice. Suspending tlie organisms and spores in saline and shaking 
with glass beads to break up the clumps and matted mycelium before exposing to 
the action of the fungicide is quite different from the condition of the organisms 
as thej' occur in infected skin. Under the conditions of actual infection the 
organisms are closely matted and embedded in tissue. Testing the killing power 
of fungicides after breaking up the matted mycelium and spores of tlie test 
organisms is not logical and does not simulate practical conditions in the least. 
Also, no clinical evidence has been offered to prove that this arbitrary in vitro 
test is a satisfactory means of testing such fungicides. Since the method is an 
arbitral^ laboratory test, there should be supporting clinical tests to show that 
fungicides passing this test will be effective in practical use and that those not 
passing it will be ineffective in clinical practice. 

Another serious objection to the method of Schamberg and Kolraer as de- 
scribed by them is that in transferring from the mixture of fungicide end ciiltOTC 
no precautions are taken to prevent inhibition of groivth on tlie subculture slants- 
The method specifies that several loopfuls of the fungicide-culture mixture are 
transferred directly to slants of Saboiu-aud’s agar. Since enough of the fungicide 
may be and probably is carried over to tlie medium to exert a fungistatic effect) 
false readings are likely to be made, and inhibition of growth maj’" be inteipietc 
as actual killing. These defects in this method are such that the test in its piesen 
form should not be used for testing fungicides which are intended for use m 


treating epidermophytosis. 

Another method for testing fungicides that has been used by certain 


is the phenol coefficient test. Emmons^- was among the first to use 
in testing the fungicidal activity of some common disinfectants. 


this teclmique 
The highest 

dilutions of disinfectants which killed the fungi used as test oi’ganisms 
minutes and thirty minutes were divided by the liighest dilutions of P 'eu® 
complishing the same result, giving a figure which was designated as le 
coefficient. Similar technique was employed bj" Gomez-Vega,’^ Hasse lu 
Hopldns,^^ and Dunn.^''’ 

The phenol coefficient test does not lend itself weU to the testing of^^^ 
cidal activity against fungi other than bacteria. The method is designe 
use of bacteria as test organisms and is not suited to the use of those 
cause epidermophytosis. The medium employed is not suitable for in 

of these fungi; it is difficult to secure uniform distribution of the oic* 
broth; the amount of fungicide-cnltni'e mixture transferred is too sina^ 
is not sufficiently severe and comparison witli phenol is not gj.(jes of 

desirable. Also, no information is obtained as to the penetrating pi 



BURL^^OAME RCDDISn PUNCICIDES IN i:PIDERMOrn\TOSIS 


767 


the fungicides tested Foi these nnd otlici obMous icasons the phenol coefficient 
method is not suitable fox testing fungicides 

Othei methods of testing fungicides lm\e been suggested fiom tune to time 
duiing the past fe^^ jcais StiicUlci'® used collodion sacs containing suspensions 
of fungi fox testing the fungicidal acti\it\ of elemental iodine This method is 
i\ell suited fox the puiposc intended but would not bo applicable as a method fox 
testing othei Kinds of fungicides Shailit and SlusKatliht”' and Sharht*® used 
what tliej ha\c designated as the “meiiibianc method which is liest suited for 
testing \olatile substances, sueh as tliMiiol, etc, and watei soluble fungistatic 
compounds The fungicide tested is meoi pointed into collodion which is then 
spread inside test tubes into which the agai medium is slanted The test organ 
isms are then inoculated on the suibxee of the slants and incubated If the 
chemical substances are volatile, ox watei soluble, enough maj be absoibcd into 
the medium to inhibit the giowth of the fungi used This is a test for fungistatic 
actuitj, howe^ei, and is not a test fox fungicidal pxopcitics and, theicfoio, 
should not be used foi testing fungicides 

Smji,h and Sm>th,^® in then stud> on the fungicidal actuitj of pine oil 
made use of a new method of test wlucli possesses moie possibilities than anj of 
those prcMouslj suggested Tlie test oiganisms fungi Ctxnsmg skin diseases, are 
gio\vn on Sabouiaud's agai and bits of the fungus giowth 1 mm squaic are 
removed from the agar slant and are used as the test cnltuie Aftex exposing 
these small squares of the matted giowth to the action of the fungicide for speci 
fied time periods, thej aic rcmo\ed, iinsed in 95 per cent alcohol to ^emo^e the 
excess fungicide, and then washed in sahne to lcmo^e the excess alcohol The 
squares are then tiansfened to Sabouiaud’s agai and incubated at 20° C for 
fourteen dajs The time periods of test langc fiom to thirtj minutes This 
method is fax more practical than otheis suggested fox this purpose, and in addi 
tion eliminates the possibilitj of fungistatic actiMtx The time peiiods of test 
also are reasonable and logical 

Prohahl> the most objectionable fcatuic of this method is the difficultj of 
cutting the fungus giowdh into pieces 1 mm squaie and then remoMiig the agar 
from the hits of giowth Thexe xs no need fox using such small pieces of cultuie, 
and also it is unnecessary to lemoie tlie agar Instead of xinsing in 95 per cent 
alcohol, it IS sufficient to simply iinsc out the fungicide in water, but using a 
time period sufficient to rcmo\e all of it Tins would hardly be accomplished in 
the ten second time pcuod specified in the method Fuithermoie, it is not neces 
sary to incubate cultures of the fungi employed foi one to two months befote 
^sing as test organisms A much shoitei time period is sufficient Because of the 
^ery small amount of culture used in this method, the test is not sufficiently 
severe to offer the usual margin of safety 

In spite of picMous work in this field thexe still seems to he a need for a 
suitable laboratoiy method for testing fungicides The methods already emplo-v ed 
not simulate piactical conditions, do not test for penetration, have not been 
sufficiently checked by clinical tests, and aic not suffieicnth sevexe Fox ceitain 
othci technical reasons the methods pioposcd in the past do not seem applicable 
for testing fungicides intended for the treatment of epideimophyTosts 
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EXPERLMENTAL 

We have recently Iiad occasion to make a lalioratory and clinical study of 
fungicides ivliich are recommended for the treatment of epidermopliytosis or 
“athlete’s foot.” Since the laboratory methods of tests available did not seem 
practical enough to indicate whether or not the fungicides tested would be effec- 
tive under clinical conditions of use, Ave found it necessary to dcA’elop a m 
severe test Avhich more nearly approaches clinical conditions met ivitli in prac- 
tice. The test, as finally perfected, Avas then cheeked by extensive clinical tcsb. 
It Avas found that those fungicides Avhich pass this test Avithin the minimum time 
period of the test are effectiA'e in the treatment of epidermophytosis and that 
those Avhich do not pass the test in the maximum time period are not clinically 
effective. 

Fungicides recommended for treating this condition must of necessity killer 
inhibit the fungi causing it. In the past most investigators in this field imvc 
made use of more than one test organism and usually efforts Avere made to me 
those fungi AA'hich are actually invohmd in epidermophytosis. This is not only 
desirable but necessary, since there is a certain amount of specificity in the 
fungicidal activity of many preparations' used for this purpose. Somewhat 
typical of the test organisms employed are those used by Gould and Carter,' 
namely, Epidermophyton hitcrdigitale, Epidermophyton pwpxirevm, anH Epi- 
dcrniophyton gypsewn. These three fungi are the ones most commonly associated 
Avith ringAvorm of the foot and toes, or so-called “athlete’s foot.” 

In our studies five such test organisms Avere employed. The folloAving fun?' 
Avere used: Epidermophyton interdigitale, Trichophyton pnrpnrcum, Tnc/iop^ 
ton gypscum, Epidermophyton inguinale, and Trichophyton rosaccum. i ® 
these organisms are not present in eA'ery case of epidermophytosis and tie) 
are not ahvays present in pure culture. They do cause this condition m 
or mixed cultures, and fungicides must kill all of them if they are to constitn e 
an effective general treatment for this condition. 

FUNGICIDAL TEST 

The laboratory' method for testing for fungicidal activity employed 
simulates practical conditions more closely' than those previously descii 
suggested for this purpose. This method is as folloAvs ; 

Using the test organisms listed above, each organism is streaked o\er^^^^ 
entire surface of Sabouraud’s agar (20 c.c.) in a 9 cm. Petri dish, jjjjj 
sterile cotton swab inoculated Avith cultures of these organisms w 
been groAvn on Sabouraud’s agar for five days at room 
plates are incubated at room temperature for five day's. The agai ^ 
are then cut into 1 cm. square.s, or into disks by means of a cork jlju 

in diameter. The fungicide to he tested is poured over the siu 
cultures so as to entirely flood the plates, Avhich requii’cs 16 c.c. ot 
each plate. After five, fifteen, and thirty' minutes, one of the sqi^ ^ ^ 
disks of culture and agar from each plate is removed and place 
of sterile broth. The excess fungicide is Avashed out of the nia c 
by shaking the broth tube lightly' for five minutes. At the en o 
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the block of culture is removed fiom the broth and spread with the culture 
side down over the surface of a sterde slant of Sabouraud’s agar Tlie.se 
slants are tbeu incubated at room temperature for fliree necks and observed 
for growth. An effective fungicide should kill tlicse test organisms within 
five minutes. 

This test is simple, requires veiy little material, makes use of those organ- 
isms which are the most common cause of cpidermopliytosis, makes use of a solid 
medium in which these organisms grow most luxiiriantli , uses a large inoculum, 
and avoids satisfactorily any bacteriostatic effect of tlie fuiigieides tested. Tlic 
method is practical, as has been proved by clinical tests, and has been found to be 
satisfactory for the purpose of indicating which fungicides will be effective under 
practical conditions of use and which will not. 



W. 1, Plate showlna even distribution oC one of the test organisms (E iiifci digitnle) when 
applied -with cotton swab to plate of Sabouraud’s agar. 


It was found tliat tliose preparations whicli kill tiieso test organisms under 
le conditions of tliis test witiiin five minutes are clinically effective in the treat- 
ment of this infection. Clinical tepts on 30 patients suffering from “athlete's 
oot ’ showed that such fungicides arc effective in clinical practice Clinical tests 
en 30 other patients,also showed that a preparation wliich did not pass this test 
^that is, did not kill these test organisms — in thirtj' minutes, was ineffective in 
‘G treatment of epidermophytosis. 

It is apparent that this laboratory method of test is satisfactory for tlio pur- 
pose of designating which fungicides will and which will not be effective in the 
eatment of epidermophytosis. It is also evident that this method is more prae- 
oal, more simple, and that it more nearly simulates conditions as tliey exist in 
Pi'aetico than the other methods which have been suggested. Comparative tests 
1*0^ in iirogress also indicate that concordant results are readily olitaincd with 
method by different workers. It is for these reasons that tlio above method 
suggested as suitable for testing fungicides recommended for use in the treat- 
ment of epidermophytosis. 
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FUNGISTATIC TESTS 

In the fungistatic tests used in the past the chemical substances tested iveie 
simply incorporated into the media used, either dextrose broth or Saboiiraad’s 
agar, into which the test organisms were then inoculated, incubated, and ob- 
served for inhibition of growth. While this method is helpful in showing which 




Fig. 2. — Ointment A on (a) Sabouraud’s agar and (&) on 
per cent blood serum, showing tlie slight difference in zone of penerrav 
tivity of this ointment in the presence and absence of blood serum. 


. M„,g jjo me;''’® 

substances will inhibit the growth of fungi and which will not, i o ^ of 

of measuring penetration of the fungistatic substance. Bcicterios ” ’ cup- 

antiseptics is tested by means of the serum-agar plate method or 
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plate method as desenbed bj Reddish*^ and U S Department of Agncultiue 
Circulai No 198*- Undei these conditions test is made foi penetration as 'uell 
as inhibition of grm\th Similai technique maj be employed in testing for 
fungistatic activitj of \aiions kinds of picparations uhich are applied for long 
periods of time 

Ointments, sahes, poiideis, etc , Mhicli aic used in treating cpidermophjiosis 
maj be tested fox fungistalie actmtj as lollops Add 2 cc of sterile normal 
horse scium to 18 c e of Sabouiaud’s agai, which has been melted and cooled to 
45° C, and pom into 9 cm Pctii dishes Aftci tlie agar has hardened, streak 
each plate with one of the test fungi, using a dr^ stciih cotton swab The prep 
aration being tested is then added to tlic suiface of the agai Ointments and 
sahos aie melted and sti caked on the suif«acc of the inoculated agai bj means of 
a glass xod, and powdeis aic applied to the suiface with a small spatula These 
are applied to but a small poition of the plate, the ointment along a streak about 
10 cm wide and extending acioss the middle ot the plate and the powders ap 
piled to an aiea of about 1 cm squat c The plitcs aie nirubated at loom tem- 
peratiue foi fne dajs If the piepaiatiou tested is fungistatic, there will be 
a deal zone in the medium aioiind the area wheie it was applied The extent 
of this dear zone show s the amount of peiietiation ind the efiecti\eness of the 
fungistatic ingredient 

Liquids and jellies which are applied for long time periods in tieatmg 
epidermophjtosis aie tested bj the agai cup plate tei-bnique-^ The serum 
agar is prepared as foi the agai plate mnthod but when it is pouied, a Mai 1 0 
cm in diameter is placed in the centei of the plate and left there until the agar 
has solidified, after which it is lemoied and the small ciadvs and creiices in the 
resulting cup aie filled with two oi three diops of melted agar The entire sur 
face of each plate, including the eup, is then inoculated with one of the above 
test organisms After this has been done, 0 5 c c of the liquid or jellj being 
tested IS placed into the cup, the plates co\cicd with an unglazed claj top, and 
meubated at loom tempeiatinc foi fi\e dajs Penetration and fungistatic ae 
tivity will be shown bj a eleai zone around the eup 

Although we have made no clinical tests with ointments, saUcs, powders, 
6tc, which show pcnetiation and fungistatic actmtj by these tests, it can fanlj 
he assumed that such picpaiations wull be beneficial under piactical conditions 
of Use In the first place the agai plate and the agai eup plate tests employed 
^re almost identical with the standaid Pood and Drug Administiation methods 
Used for testing for inhibitorj power of similar antiseptic piepaiations, the onlj 
^^sontial diffeiences being the use of Sahoiuaud’s agai and the five selected 
fuQgi for test oiganisms The test is seieie since it lequues activity in the pres 
Giice of blood seium, penotiation tlnough a medium simulating body tissue to 
some degree, and definite inhibition of the test oigamsms to a measurable dis 
^*0100 fiom the site of application of the picpaiations tested Foi these icasons 

considei tliese tests foi fungistatic activity sufficientlj piaetical to be inter 
preted m teims of effectiveness undci clinical conditions of use Tliose prep 
mirations wliieli peiietiate this medium and e\cit fungistatic effect on the test 
organisms used will he of some effectiveness under clinical conditions of use 
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SULFANILAMIDE, Experimental Study of Behavior of, Adair, F L Hesseltine, H C , 
andHac L R J A M A 111 766 1938 

Sulfanilamide has been found in the cer\ical secretion and menstrual fluid, but m 
amounts so small tint its bactericidal action on the gonococcu<? is questionable 

The criterion of cure of gonorrhea should be based if po«:sible on cultural studies as 
well as smears 

Sulfanilamide is excreted in breast milk, both free and as the acetjl deiivative The 
milk level is considerably above the blood level, and the drug is excreted in the milk for some 
time after the blood level is negligibly low With doses of 2 ind 4 gm (30 and 00 grams) 
the total amount excreted was never greater than I 5 per cent of the amount of the drug 
administered It was still being excreted m small amounts seicnty t\io hours after medication 
had been discontinued 

Sulfanilamide is transmitted to the placenta and fetus of the rabbit and is associated 
With a marked increase in the mortality of the young Sulfanilamide has also been found in 
the placenta and cord blood of the human being 

Until more is 1 nown of the tolerance of the human fetus and of tlie newborn for sulfa 
ailaraide, the drug should be administered only with the utmost caution during pregnancy 
and the period of lactation If administered to the mother breast feeding should be discon 
tinned during the period that sulfanilamide is excreted in the milk 


PNEUMONIA, Use of Serum in the Treatment of the Higher Types of, Plummer, N 
J A M A 111 694, 1938 

Pneumonia of the higher typos is an important part of the pneumonia problem In a 
collected senes of 6,545 ca^es of pneumococcic pneumonia, o^er 50 per cent of the ca^es were 
of the higher types, 30 per cent being of types IV, V, VII, VIH, and XIV 

Antipneumococcus serum was used in 111 cases, with a rather marked clinical response 
and an appreciable effect on the raortahh rate for the combined senes of ca'cs of pneumonia 
of types IV, V, VII VTII, and XIV At present there are available refined and concentrated 
preparations of horse and* of rabbit serum that are high in antibody content and almost en 
tirely free from reaction causing «ubstance 3 Vith such products the prospects are excellent 
for obtaining increasingly better results m the treatment of all types of pneumococcic pnou 
moma 


Diabetes MELLITUS, size of Ked Blood corpuscle m, Mohr C T Am J M Sc 196 

W, 1038 

Studies of the red blood cell counts, liemoglolim, and hematocrit determinations ime 
bwn made m 42 cases of uncomplicated dnbetes mcllitus, 18 cases of diabetic acidosis, and 
^ cases of diabetic dnarfism 

The mean corpuscular volume rvas found to bo 95 e mm , or above, in 14 3 per cent of 
the uneomphcaled diabetic and in 35 per cent of the cases of diabetic acidosis This increase 
corpuscular volume of the red blood colls could not be attributed to the acidosis per se 
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ACETONE: Stable Sodium Nitroprusside Solution for Acetone Bodies in Urine, Ingian, J. 

Brit. M. J., Aug. 13, p. 34S, 1938. 

The reagents for the improved test are: 

Solution No. 1. — Ammonium sulfate solution: 

200 c.c. saturated solution of ammonium sulfate 
200 c.c. ammonium hydroxide, sp. gr. 0.88 

Solution No. 2. — Sodium nitroprusside solution: 

10 gm. sodium nitroprusside crj-stals dissolved in 90 c.c. distilled water, anl 
1 c.c. concentrated nitric acid then added. 

The Test : To 5 c.c. of urine in a test tube, add 5 c.c. of solution No. 1 and mac. Ties 
add 1 c.c. of solution No. 2, shake, and allow to stand for a minute before judging tlie color 
reaction. A deep purple color will then have appeared if 0.1 per cent or more of acetoce 
bodies is present. If only a very faint trace is present, the color will be merely deep red. 

The saturated solution of ammonium sulfate used in solution No. 1 should be prcpard 
as follows: Place 780 gm. of ammonium sulfate in a 2 liter flask, and add 1 liter of boilia. 
distilled water. Shake immediately until dissolved, then allow to cool to room tempcrataie. 
Decant the supernatant solution (or filter if necessary). 


CALCULI: Blood Calcium, Phosphorus and Phosphatase in Urinary Lithiasis, Griffin, E, 

Osterberg, A. E., and Braasch, W. P. J. A. M. A. Ill: 683, 1938. 

In cases of urinary lithiasis the values for blood calcium, phosphorus, and 
exliibit no common change which can be termed characteristic of the group. Minw rar‘a 
in the value for blood phosphorus, particularly a lowered value, are not unusual, n 
centration of blood calcium is very constant. . 

Patients with a high value for blood calcium or phosphatase who have 
should undergo a thorough investigation for some other coexistent pathologic j? 

In this study, hyperparathyroidism w'as found to be an etiologic factor in 
per cent of the 1,206 cases of urinary lithiasis. 


PNEUMONIA, Atypical, An Acute Infection of the Kespiratory Tract With, Eeimanii, 
H. A. J. A. M. A. Ill: 2377, 1938. 

• j: i- nf the respirahO 

In a series of 8 cases of an unusual, uniform, severe infection 
tract the disease was not caused by the virus of epidemic influenza or psit ac j 
it like other commonly described diseases. Bending 4- 

The author was, therefore, led to regard it as a separate disease en i 
outcome of further experimental studies. The infection occurred in a u nlyp'*^®' 

a mild infection of the respiratory tract; this was followed by set ore, * hoarsf" 
pneumonia, and in 2 cases by the symptoms of encephalitis. Dyspnea, cliarari*'" 

ness, cough without sputum, drowsiness, and profuse sw'eating w ere e c 
istics. The disease lasted several weeks. A filtrable infectious agent etiologi'^®"-'^ 

nasopharynx of one patient and from the blood of another may' haie (pp point 

related to the infection, but the evidence is incomplete. Experiments o c 
are under way. 


PLACENTA, Pathology of, Bartholomew, R. A. J. A. M. A. Ill: 2276, 1938. 

Infarction of the placenta is the most important pathologic jts rclnt''’^' 

organ is subject, not only from the standpoint of frequency, but also becau 
ship to toxemia of pregnancy' and maternal and fetal mortality'. rcholestuninit' of 

The predisposing causes of placental infarction are, first, the gr injury 

pregnancy, which favors the accumulation of lipoid cells at points o gecondl.L 

the placental arteries, similar to that seen with coronary' cells at 

trauma of fetal movements, which not only' tends to cause deposits o p^cr fucb ■' 

of injury to the placental arteries, but also may break the ° rapid 11110 ®'’”'' 
deposit or actually bring about rupture of the vessel, thus causi 
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Toxomia of prcRnniiej piobnblj result*? fiom the ab-^orption of poisonous protein 
split products of placental autolj sis 

The poisonous products of pi icont il autohsis ire probablj peptone, histamine, and 
puanidine The pathologic ctTects of these poisons satisfactorilj explain the sjTnptoms 
and pathologic changes of toxemia of pregnanej 

The peculiar cclnniptogeiiic character of placental autohsate is probably explained 
the higher content of arginine in placental tissue, from which guanidine maj be ob 
famed 

Toxemia of pregnancy is associated i\ith definite t}pes of acute infarction of the 
placenta In examining “unknoini*’ placentas it is possible to diagnose pre eclampsia, 
eclampsia, or abruptio pi icent ic in 00 per cent of the cases 

BLOOD CHEMISTRY, Postmortem Determinations Hamilton R C Arch Path 26 

ll'lS, 

The concentrations of sugar, nonprotcui nitrogen and chlorides m blood obtained 
post mortem rary greatlj, and their determination is of little value 

Creatinine is the onl} stable chemical constituent of post mortem blood 
The creatinine content of blood obtained post nioitem is no indication of the amount 
of renal damage present 

A post mortem creatinine determination cannot be regarded ns an index of renal fane 
tion. during life 

Chemical analysis of blood obtained post mortem is i commended because of its value 
m a few cases 

anemia PamiUal Hemolytic, Dimensions of Red Cells in Hill, J M JAMA 111 
2179, 1938 

Microcjtosis was found on at least one occasion in 6 of 7 eases of famihal hemolytic 
anemia, while spherocj tosis was found in 5 cases 

Spherocytosis mnj bo absent in the presence of complicating factors, such as cirrhosis 
of the liver 

Macrospherocy tosis was observed in one patient during crisis 

No significant correlation could be established between spherocytosis and tho severity 
of the disease, onset of crisis, rapidity of regeneration of the red blood cells, or effect of 
splenectomy 

PREGNANCY TEST, The Xenopus (S A Clawed Toad), Elkan E R Bnt M J 2 
1253, 1938 

The xenopus test alloiis a diagnosis of early pregnancy to bo made within less than 
tnenty four houis 

No animals need be killed to obtain the result 

Tho reliability of the test docs not seem to differ from that of the Aschheim Zondek 
or the Inodman reaction 

The technique of this test is comparatively simple and very suitable for experimental 
"ork on tho anterior pituitary like liormone of pregnancy 

For tho test, 2 e c of untreated urine or 1 c e of extract is injected into the lymph sac 
tho dorsal «ikin of as many female toads as one cares to use Some observers inject 
tho Jog or into tho peritoneal cavity Tho toads are slippery and difficult to hold, 
^^0 easiest way to deal with them is to hold them in a coarse meshed net and to inject 
through the meshes There is no immediate reaction to ordinary urine If extract is 
^sed which still contains a trace of alcohol or acetone, tho toads react by secreting mucus 
"ora the skin glands in the neighborhood of the injection The question of the “toxicity “ 
the urine seems to arise very rarely 
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After the injection has been given, the toads are put into test jars where tlicy sit or. 
perforated platforms, so that they have no cliance of eating tlieir own spawn. 

During the test the jars are kept at a temperature of 20° C. Tlio shortest time ohsme! 
between injection and oviposition was four hours and fifty minutes; the longest, twelve hour;. 

The eggs, little round balls, half black, half white, and of about 1 mm. in diaoielor, 
are covered with a sticky gelatinous substance. Normally these animals do not lay Itch 
eggs in bulk but distribute them over a wide area, sticking them on to water weeds one liy 
one. In the test jar the eggs either stick to the underside of the platform or fall to the botton: 
of the jar. Their number varies enormously. Anything from five to six eggs upwards rank 
counted as a positive reaction. Tests in which only' one or two eggs have been laid by one 
or two toads should be repeated. They will usually be found to be negative. In the absence 
of males these eggs are, of course, unfertilized. It should be emphasized that spontaneous 
ovulation in this species does not take place in captivity or under laboratory conditions. 
Females, even if kept nnder the best possible conditions, will never ovulate, c.vcept in tte 
presence of a male. 


TYPHOID FEVER, Agglutination in the Diagnosis of, and the Typhoid Carrier Condi- 
tion, Bhatnager, S. S. Brit. AI. J. 2; 1195, 1938. 

A strain of Bact. typhosum which gives rise to pure Vi agglutination has been identi- 
fied. 

With the help of this strain the A’'i antibody is shown to be produced in every c-is' 
of typhoid fever, the inoculated individuals producing a higher A’i titer than the un 
inoculated. 

Vi agglutination is shown to be a more reliable method of diagnosing typhoid fc'er 
in the inoculated than the time-honored O and H types of agglutination. 

A correlation between the typhoid carrier condition and the presence of ■ 

in the serum is described. The employment of Vi agglutination in the routine earner ex. 
ination and in tracing the source of typhoid infection is suggested. 


SULFANILAMIDE, Studies on the Mechanism of the Action of, Lockwood, J- S.| Co'* 

A. F., and Stokinger, H. E. J. A. AI. A. Ill: 2239, 193S. 

The effectiveness of sulfanilamide therapy is related to the type of lesion. 

The function of the microorganism, which is strikingly depressed by su 
hs its capacity to invade tissue. .i 

. 11 ,,. tiie aBOun' 

The effect of the drug on bacterial invasiv-eness seems to be innuenceu y 
of debris present in the lesion. 

Tliese plienomena are being investigated experimentally to determine 
of sulfanilamide. 


the mode of setF” 


TUBERCLE BACILLI, Spontaneous Lysis of, on Artificial Culture 
Jr. Am. Rev. Tuberc. 38: 777, 1938. 


Media, Steenken, Wm, 


Ev variants 


s undcr£^ 


It has been shown that ripe cultures of human strains of the ffdstsn* 

liquefaction on gentian violet egg and plain egg media, giving rise to a secon < . 
growth of a different colony and bacillary morphology. The | motbfi 

liquefied area did not produce tuberculosis in the guinea pigs as did the 
colony. Neither -would they grow on any of the media mentioned. on all 

resistant type colony, although it did not produce progressive tuberculosis, o 
the laboratory media mentioned. _ . jpiicea 

It was observed that the resistant colonies produced skin and 

pics when inoculated intraperitoneally, intratesticularly, and j the en^ 

% . ^ .1 nics were killed 


this might persist for one year or longer. When the guinea pigs 


of a year, autopsies showed no raacroscopical lesions, except 


occasionally nt 


the site ' 
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injection of the intr'itesticul'vi]> infecteil ammils, nnd thee lesions were generally 
nccompanied b\ a small unount of fibrosis without anj demonstrable acid fast micro 
organisms Earlj lesions at times aiere oiscoits and acid fast bodies of marked pleo 
raorphisms could bo demonstrated 

The aboie Ijtic phenomenon is not onli inheiciit in the H37 Rr culture, but has 
been shown to c^ist with other Rv aarmnta of 1 man origin VIso all of the cultures 
used m this experiment were of human ori{,in as proved bv the present methods of dif 
ferentiation 

It has been demonstrated (hat flierc is a d<fimtc Ivtit pnimple in the filtrate of the 
culture which acts upon the living bacilli viithm i Icfinite range of pH 

It Ins also been observed that the baiillarv niorphofOj,v ot the resistant colonj !« 
marl edlj ilifTerent from the Rv v uianl 

ANEMIAS Hemolyic, Hemolysins as the Cause of Clinical and Experimental, Dameshek, 

W D , and Schwartz SO Am J M Sc 196 760 2038 

Isohemolj Sins of the immune bodv tvpe wort discovered in the serum of 3 cases of 
acute hemolvtie anemia 

Anti guinea pig hemolvtie serum was profared Iv the injection of guinea pig red 
blood cells into rabbits This scrum pos essed all tin imnmm logic properties of tlie serum 
found in the clinical ca«es 

Hemolysis of the red blood cells of the gumei { «g m \ vo follovvid the injection of tius 
‘ierum 

Bj varying the dosage of anti guinea pig henioljtic senmi vinous types of hemolytic 
syndromes noro produced fultmnatiug hemolvtie inenmi vvith hemoglobinuria, acute hemolytic 
'inemia and subacute hemolytic anemia 

Various types of blood pictures could be roprmlucel at will mierospherocy tosis in 
created erythrocyde fragility, rcticulocvtosj« pscudoniacrocvtiL blood picture, and so on 

The spherocyte is a small thicl red Wool cell unaUeied in volume though small in 
diameter, and unusually fragile to hvTiotonic salt «olutlon^ Our observations point to the 
conclusion that spheroeyto'«is is due to the activitv of hoinolj«in and not to an abnormal 
'^natonuc peculiarity or to a disturbed formation of cells m the bone marrow Since 
increased fragility is a function of the increased thirknea^ of the red Wood cell it is 
•Icpendent upon the came cause 

The authors believe that hemolytic svndronics ire due fo hemoly'ins possibly of different 
types and present m different amounts functioning slowly in some cases and violently in 
others The various blood pictures of Hie hemolytic anemias viz anemia spherocytosis 
mcreased fragility, and reticulocy tosis, arc in all probability due to the effects of the 
■'■arying activity of hemolysins, and modified by the individual’s power to react 

Since the experimeutallj produced hemolytic syndromes and the numerous clinical types 
^^0 closely comparable, the chief differences m the clinic it “vndrouies may be a matter of 
the amount of functioning hemolysin pre ent 


blood sedimentation, Micro«-ediinentation iB Infants and in Children, Rogatz, J L 
Am J Dis Child 66 1037, 1038 

The Smith mierometric method was compared with tho accepted Cutler macrometrie 
“ethod m 100 tests, performed during i period of fourteen months by different workers 
0" 75 infants and older children of varving ages and with different illnesses On the basis 
^be results it is concluded that the mierometric method, which requires minimal amounts 
capillary blood, obtainable bv priel mg tlie finger, is a satisfactory test, is easy to use, 
IS completely reliable in its accuracy One need not hesitate to replace existing macro 
methods with this test 
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Books and Monographs for Eeview should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Bichmond, Va. 


S3aiopsis of Clinical Laboratory Methods* 

T his is an excellent guide for the graduate clinical technician as well as a text for th’ 
student. It covers all phases of clinical laboratory procedure, presenting an uaosua! 
wealth of material and choice of the most authoritative and recent methods. Dr. Braj-s shb 
of composition is at once direct and thorough, and his subject matter is extremely wH or 
ganized, clear to the reader, and exhaustive. 

In addition to regular methods the book includes special sections on the technique o! 
basal metabolism tests, allergy' tests, qualitative and quantitative methods for identiSralion 
of poisons and foreign substances, surgical pathology, normal tables, preparation and n.r 
of indicators, and preparation of stains and reagents. 

To the second edition have been added the many advances in clinical lahoratorj metbods 
made during tlie past two years. 

Among the additional procedures in this edition are serum phosphatase detenninahon, 
titration of staphylococcus antitoxin in the blood serum, Ivy bleeding time, petoxidascGieni a 
staining method, cough plate method for diagnosis of whooping cough, the halo or diffrar w 
method for measuring erythrocytes, determination of cyanates in t!>e blood, 'phthalcm c «”> 
tioE curve, determination of sulfanilamide in the blood, the differential lieterophilc agg a '"a 
tion for infectious mononucleosis, and determination of vitamin C. 


•Synopsis of Clinical Laboratory Methods. By W- '• 

Clinical PatholoerJ', University of Virginia ; Director of ■.„ „Iatcs, S-I-SO. T' 

Virginia Hospital. Cloth, ed. 2, 321 pages, 51 illustrations, 17 color p 
Mosby Co., St. Louis, Mo. 
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of the eoliipound were effective in the trealnient of mice inoculiited iiitruiieii- 
toiieally witli type XIV. 

We have also ob.served eneouragiii”- re.sults in the treatment of e.xperi- 
mental pneumococcus meningitis with sulfanilamide by oral, subeiitaiieoiH, 
and intratbecal administration.'^ Types I, II, and III produced acute menin- 
gitis in rabbits by intracisternal inoculation along with an associated sep- 
ticemia usually fatal in from two to four days. Treatment of 60 aiiiiiiak 
begun four hours after inoculation, did not result in the recovery of any, tat 
apparently prolonged the lives of 24 for various periods. The intracisternal 
inoculation of monkeys with virulent types I, II, and III produced fatal 
meningitis with septicemia in twent.v-four to thirty hours. Treatment of 10 
animals with sulfanilamide, begun twenty -four bours after inoculation, re- 
sulted in the recovery of one (type III) and apparently prolonged the lives of 
7 others. 


PURPOSE OF investigation 

In the present investigation we have sought to determine the influence of 
sulfanilamide by oral, subcutaneous, intravenous, and a combination of oial am 
subcutaneous administration upon tj'^pes I, II, and III pneiunocoecus infections 
of rats inoculated intraperitoneally. Our purpose was to select strains of him 
erate virulence with the hope that the.se, along with the higher natural 
of the rat as eompared with the mouse, would enable us to administer mu ip 
doses as well as make heart blood cultures. 

Our special purpose, however, was to determine the influence of su a 
amide upon the intradermal pneumococcus lesions of rabbits 
accompanied by an associated .septicemia produced by the method o 
We have found this experimental lesion veiy satisfactory not onlj ^or 
therapeutic studies in pneumococcus infections"' but hkewise^^ l,(.eaiise 
therapeutic investigations in streptococcus infections of rabbits 
the local lesions of hy’peremia, edema, and necrosis not only can 
measured daily for clinical purposes, but likewise, and very 


be readily cultured at daily intervals for * , 

tericidal effects. Since pneumococcus infections of human beings 


determining possible 

lan be 

dominantly and primarily of the fixed tissues, with secondai.v 
infection of the blood, we have long considered this of 

pneumococcus “pneumonia” of special value for deternnnnie 


the disinfection of the blood, but ^ 1 . 


cbemical agents not onl.v in 

more importantly, in tbe disinfection of the fixed tissues 
ready reported upon sulfanilamide by oral administration in _ 

this lesion of rabbits produced by the intradermal injection o 


Kreidler’ 
the treatment 0' 

C.c. of " 
stat- 


nioeocciis, 


iltefl 


1 :1,000 dilution of eighteen-hour broth culture of tj'pe I pneum 
ing that it favorably influenced the septicemia, reduced the fevei, 
in the recovery' of most of the animals. deriuit’''" 

We have likewise been able to include a study' of the ace . 

of sulfanilamide as well as 4 , 4 '-diamino-dipheny'lsulfone fiis jnfro- 

by Buttle, Stephenson, Smith, and Foster^'* and its aeety have 

duced by Pourneau. Trefouel. Nitti, and Bovet.^’’ Bauei ant 



KOI AIER TT AL 


SlLFWir VMIDL I\ PNLUMOCOCCLs INFl CHONS 


7S1 


foimd 4,4' diamiiio cliphein Isulfone and its acetil deinatne moie effectne 
than sulfanilamide in pneumococcal infections of mice, but much less maiked 
than against stieptococci Life nas pioloiiged but feu animals peimanentl} 
sunned tlie pneumococc<il infection 

Kecenth ■\Vl^tb^^' has repoited 2 p aminobenzenesulfonainide pMidine 
eflectne in the tieatment of mice iiitccted uith t^pes I II III V, VII and 
VIII pneumococci and espccialh t\pes I A^IT and \ III E\nns and Gails 
ford^'' lepoit that its use in the tieatment of 100 cases of pneumonia resulted 
111 a inoitalit\ of 8 pei cent as compared uith a moitalit\ of 27 per cent in a 
contiol gioup of cases We ha've not been able to iiulude this compound ni 
the pieseut nn estigation but it is mteiestini, to note m this connection that 
Kolmei, Broun, Raiziss Rule, and Clemence*'* \ui\e obseMed paitieiilaih en 
coiuaging results uitli tuo p; 5 iiKline compounds tontaimng an amino gioiip 
or an amnio gioiip uith iodine and espeeialh 22' pMuhl sulfide dilndiobio 
mule m the tieatment of intiadeimal stieptococcus infections of labbits 

SULFAMLVMIDE IK TRE-VTMLNT OP P\LUMOtOC<Ls INFECTIONS OF PATS 

In our first expeument 10 uhite lats ueiglung tiom 100 to loO gm , ueie 
inoculated intiapentoneallj uith 02 ce ot an eigliteen houi bioth cultme of 
t\pe I pneumoGoecus, 10 additional animals with 0 2 c c of a 1 5,000 dilution 
of trpe II, and 10 uith 02 c c of 1 600 dilution of l\pe 111 

Eight animals of each seues uere used foi tieatment uitli sulfanilamide, 
the fiist dose being gneii four hours aftei inoculation and tlieieaftei tuo 
doses pei daj (10 a v and 3 pm) foi foiii dijs in succession Tuo animals 
of each senes ^ecel^ed 0 05 gm pei Kg oiallj, 2 the sime dose snbcutaneoiislj,* 
2 intia^enoush , and 2 receded 0025 gm pei li.tr oialh uitli 002o gm sub 
eutaneoush Tiie dose administered b\ all loutes conesponded theiefoic, 
to 35 gm pel da^ pei 70 kilogiains 


Table I 

Effect of Suliamlamipe on Type I Pneumococus Infections of Rats* 


DOSE PFP KG t 1 

D\'. 

[S 



ORALLY 

^ SUBCUT 

INTFAA EN 

ORALLN AND 
SUBCUTAN 

1 

' 2 

3 

1 4 

5 

6 

0 05 

0 05 

Control 

Control 

0 05 

0 05 

0 05 

0 05 

1 

0 025 

0 025 

- 

D 1 

D 

D 

D 

D 

i 

D 1 

B 

D 1 

1 

i 

- 

B 


^^Ino^lated imriperltone-iUj ^^lthT2 cc of 160 000 dilutIon““oflishteGn houi broth 

. tPirst dose four hours after inocuHtion thereafter t^%lce dailj (10 A M and 3 r ^r ) for 
^our days la succession 

t- = survi\al D = died All rats succumbing pa\e posUl\e heart blood cultures 


As shoHii in Table I, the tno coiitiols inoculated nith t\pe I succumbed 
eight to seieiitj tuo honis Ot the 8 tiented animals the Ines of onb 

•0 8 per cent solution !n nater nas emplojcd for all pni enteral oilmlnist.at.ons 
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2, or possibly 3, were prolonged by one to three clays, all animals ultimately 
succumbing with positive heart blood cultures. 

The two controls inoculated with tj'pe II lived for three to five days. Of 
the 8 treated animals 3 surA'ived the full period of fourteen clays' observation 
and all of these had negative heart blood cultures at this time ; the remaining 
5 succumbed in two to four days with positive heart blood cultures. 


Table II 

Effectt of Sulfanilamide on Type n Pntiumococcus Infections of Bats* 


DOSE PER KG.t 


DAYS 


OEALI/Y 

SUB- 

CUT. 

INTRA- 

VEN. 

ORALLY 

AND 

SUBGU- 

TAN. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

11 

0.05 





E 




■ 












— 

- 

- 

- 

H 

- 

- 

- 

- 

** 

" 






- 

D 



■ 











- 

- 

- 

- 

- 

H 

- 

- 

- 








- 

- 

- 

- 

- 

H 

- 

- 


*" 








- 
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- 
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D 












K|n 3 9 
















■iwi 3 9 


D 











Control 


— 

... 


- 

- 

D 









Control 

- 

- 

- 

- 

- 

- 

- 

- 

D 





- — 



•Inoculated intraperitoneally with 0.2 c.c. of 1 .‘5000 dilution of eight 
culture. , j, ji 1 for 

tFirst dose 4 hours after inoculation ; thereafter twice daily (10 A.M. a 
four days In succession, nltures. 

= sun’ival ; D = died. All rats succumbing gave positive lieart blooa c 

The two controls inoculated with type III succumbed in three days 
positive heart blood cultures; of the 8 treated animals i sunbed 
eight days, but all ultimately succumbed with posithm blood cultures. 

Table III ^ 

Epfectt of Sulfanilamide on Type rn Pneumococcus Infections o f 


DOSAOE pee KG.t 


ORALLY 

SUBCUT. 

INTRA- 

VEN. 

— 

ORALLY 

AND 

^SUB- 

CUTAN. 

1 

2 

3 


0.05 




-t 

■D 



0.05 




- 

- 

~ 



0.05 




- 

- 



0.05 




_ 

D 




0.05 


- 

- 

D 




0.05 



- 

~ 





0.025 








0.025 

- 

- 

~ 





0,025 








0.025 


— 

D 


Control 


- 

- 

- 

- 

D 


Control 

- 

- 



- 

D 




P 


D 


'xiiui;uia.i.eu intrapunvoiieaiiy aviih u.^ 

tFirst dose four hours after inoculation ; thereafter twice ai > 


:.hour brMli 


four days in succession. 
t- = su^^’ival ; B 


died. All rats succumbing &av 


.•e positive heart blood 


cultures. 












IvOL-MER ET 


SULI \Mr vMinr pneumococcus implctions 783 


This expeumeiil Mas then lepeatcd with 20 lats inoculated intiapeu 
(oiieallj Mitii 02 ec ot 1 10,000 dilution ot eifjhtceu lioui hiotli cultuie of 
tjpe I, 20 inoculated uith 02 cc ot 1 000 dilution ol t^pe JJ and 20 MitL 
0 2 e c of 1 600 dilution of tj pe HI 

Tieatment uas staited foui horns attei inoculation folloued b} foui ad 
(IitiomI tieatments at daih intenals hoiii lats of each senes Meie kept as 
untieated contiols, and of tlic lenninm^ 16 ammaK 4 itcencd Go gin pei Ig 
orallj , 4, 0 2 gm poi l^g subeutaneoush 4 05 gin subcut ineouslj and the 
rennming 4, 0 5 gni oialI\ nith 0 2 gin subcutaneoitslj pei kg of m eight 
These amounts coiiesponded, tlieiefoie, to as much as 14 to 40 gm pei 70 kg 
per daj ^rhicli Mere peifecth enounous amounts but still Mithin the maximum 
tolerated doses foi these amm.ils 

As shoMii ill Table IV, all of the foni iinticitcd controls inoculated ‘With 
tj'pe I died m one to tMo da'ss Mith positnc blood eiiltiues Of the 16 treated 
animals the lues of 6 mgig appaicntlj piolonged for one to tMo dajs, but 
succumbed Mith positne hoait blood cultures 


TVBLE IV 



intrapentoneallj witli 0 2 cc of 1 10 000 clilutfon of eighteen hour bioth 

tPlrst aose four hours after inoculation thereafter dally for four dajs in succession 
t~ = survhal D = died Ml rats succumb ng ga^e positive heart Wood caUwes 


All of the 4 contiols inoculated "witli tjpe IT died in two to six dajs with 
po^itne blood cultuies Of the 16 tieated animals 11 sur\ued for the full 
Period of tMentj dajs' obsei\ation at winch time all ga^e negative blood 
•cultures, the remaining 5 died m one to foiu dats Mith positive blood cnltnies 
(Table V) 





TabiiB VI 

Effect op SuLFANiLAxtiOE on Type III Pneumococcus Infections of Eats* 



Inoculatetl Intrapfiitoneally with 0 2 c.c. of 1,600 tlilution of eighteen-liour broth culture. 
tFirst dose four hours after inoculation ; thereafter dally foi four days in succession, 
t- = survival. D = died. All rata succumbing gave positive heart Wootl cultures 
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All of the 4 controls inoculated with type III succumbed iu two to file 
days with positive blood cultures. Of the remaining 16 treated animals, 9 
survived the full period of twenty days’ observation at which time the lieart 
blood cultures were sterile ; the remaining 7 animals died in three to nine 
days with positive blood cultures (Table VI). 

It would appear, therefore, that sulfanilamide in the amounts adminis- 
tered by these various routes had but very slight influence upon type I pneu- 
mococcus peritonitis and septicemia of rats, but that favorable and encourag- 
ing results were observed ivith type II and type III infections. Apparently 
subcutaneous injections with oral administration gave mueli better results 
than oral administration alone. 


SULFANILAMIDE IN TREATMENT OP INTRADERMAL PNEUMOCOCCUS 
INFECTIONS OF RABBITS 


In this experiment 10 rabbits were inoculated intradermally (shaven ab- 
dominal skin) with 0.2 c.c. of 1 :30 dilution of eighteen-hour broth culture of 
type I pneumococcus, 10 with 0.2 c.c. of 1 :30 dilution of ty'pe II, and 10 with 
0.6 c.c. of 1 :30 dilution of type III. 

Twenty-four hours later well-developed local lesions of hyperemia and 
edema ivere present and, especially ivith the type II and III strains, at which 
time the first treatment ivas given. Subsequently' the compound ivas adminis- 
tered twice daily (10 a.m. and 3 p.m.) for five days in succession, totaling 
treatments in the case of those animals surviving five days or longer. 

Sulfanilamide was given orally' to 2 rabbits in each series in dose of 0.05 gnn 
per kg. twice daily'; 2 were given the same dose intramuscularly', 2 intravenous}, 
and the remaining 2 of each series received 0.025 gm. orally' with 0.025 gn>- 
intramuscularly'. These were equivalent to 0.1 gm. daily, corresponding o 
7.0 gm. for an adult weighing 70 kg. 

Cultures were made of each local lesion daily and heart blood culture 
upon the death of the animals. ^ 

As shown in Table VII, the two untreated controls inoculated with tyTC^ 
died in tivo to four day's, respectively', with positive lesion and blood cu ^ur^^ 
All of the remaining 8 treated animals also succumbed with positn e 
and blood cultures, although the Ih'es of 2 receiving the compound oia 


prolonged for about three day's. . 

The two controls inoculated with ty'pe II survived for the full 
seven day's’ observ'ation at which time they' showed positive lesion c ^ 
Of the remaining 8 treated animals 6 likewise survived,, but the 
all showed definite clinical improvement and were sterile upon cultuie 

^Cin). veil the 

Both of the untreated controls inoculated with ty'pe III also g(jll 

full period of seven day's’ observation at which time the local lesions w^^^ 
severe w'ith positive cultures. All of the 8 treated animals also suni ^ 
showed definite healing with negative lesion cultures in all 
(Table IX). 



Table vn 

Effectt op Sulfanilamide Upon Intradermai, Type I Pneosiococcus Lesions of Rabbits 


KOUiai ET At, : SULPANILAMlDn IN PNEUSIOCOCCUS INraCTIONS 7S7 
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tGlvcn twice daily (10 a.m. and 3 p.mO for live days. 

$T\vcnty-four hours after inoculation ; treatment begun. 

♦•Local lesion : 1 = largo area of hyperemia; 2 = hyperemia and edema; 3 = severe hemorihagic lesion; 1 =: very severe lesion with necrosis; 
died with positive blood cultures; + = lesion culture positive; — = lesion culture sterile. 



T\hii3 1\ 
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KOLAIER ET AL SUIPVMLVMIDE IN PNEUMOCOCCUS INFECTIONS 791 


TJie lesiijts ha^e uKlieated, tJieiefoie, that siilfamlaraide has a dehiiite 
cuiatne effect upon iiitiademal piieiiinotocciis infections of labbits and espe 
ciallj those produced bj tjpes II and III no essentnl difieiences -Mere noted 
according to the loute of admimstiation 

SULFANILAMIDE DEnUATnXS IN TREATMENT OF IN TRADER JIAL PNEUMOCOCCUS 
IN’FECTIONS OP RABBIIS 

In this expeiiment 15 labbits weie inoculated nitiadeimallj uith 02 ec 
of eighteen hoiii brotli cultuie of t^pe I piieumoeoccus 15 Mitli the same dose 
ot tjpe II, and 15 uitli the same dose of t 3 pe III 

All thiee stiains pioduced laige local lesions uith positne cultiues 
Tluee animals of each senes weie kept as untieated coutiols, those iiiocu 
Jated uith tjpe I succumbing lu foui dajs, and those nith t^pe II ni ^i^e to 
se\en dajs, Mith positne lesion and heait blood cultuies The 3 inoculated 
luth tjpe III sunned the pciiod of ten da\s obsei\ation at nhich time ab 
scesses had de^ eloped Mith positne cultuies 

The lemainnig 12 animals of each senes ueie used fox tieatinent, 3 being 
gnen sulfanilamide oialb tuicc a daj (10 am and 3 pm) foi fi\e dajs in 
succession, totaling 10 doses in the case of those animals snr\nuig sis days or 
longer aftei inoculation, since the fiist dose nas gnen tnentj foui hours after 
inoculation Of these 3, one lecencd OOo gm (01 gra dad>), one 0125 gm 
(0250 gm dailj), and one 0 250 gin (05 gm dnilj) per kilogiam Three 
aiiimals of each seiies ueie tieatcd oiall^ nith similai doses of the acetjl 
denvatne of sulfanilamide, 3 nith 4,4' dnmino diphenjlsulfone, and 3 uith 
the acetal dernatne of 4,4' diamino dipheinlsnJfone 

As shoi\n in Table X, the 3 untieated contiols inoculated with type I 
pneumococcus succumbed fom da^s aftei inoculation uith positne lesion and 
heart blood cultuies as picMoush stated TJie 3 tioated with sulfanilamide 
died 111 four to dajs, and the 3 ti cited nith its acetal dernatne died in 
three to se\en dajs Of the 3 treated nith 44' diamino diphenjlsulfone how 
G^er, one sur\ived the full ten dajs uith marked healing of the local lesion 
and a negatne lesion culture Mhile the leinaining 2 died on the thud and 
se\enth days, respectnelj, uith positne lesion and blood cultures Ail 3 
treated uith the acetjl deinatnc of 44' diamino dipheinlsulfone died in tuo 
to four daj s with positive lesion and blood cultures 

The 3 untreated contiols inoculated uith tjpe II pneumococcus died in fi'e 
to se\en dajs uith positne lesion and blood cultures (Table XI) Of the 3 
treated with sulfanilamide one lived the full peiiod of 10 dajs at which time 
the local lesion had almost healed with a negatj\e culture, the lemaming 2 
died fi^e to ten dajs aftei inoculation uith positi\e lesion and blood cultures 
Of the 3 treated Mith its acetjl deinatne 2 Ined the full peuod of ten dajs 
it mIucIi time some healing of the local lesion had occuried but both shouung 
positne lesion cultures 

All 3 treated Mith 4 4' diammo diphenj Isulfone sunned foi ten dajs at 
^'hieli tune the lesions slioued considerable healing, but still Melding positne 

cultures 



Effect of SoiiPANioAitiDE and Derivatives Upon Intradebmae Type II Pneumococcus Lesions of Rabbits 
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T\bi,e XII 

Effect of Sulfanie\mide and DERiVArnES UroN INTlUDER^fAL Tirr III Pnei;uococcus Lesions oi Rabbits 


KorMrn ft ai 


suirwir \MIDI IN PNFUMOCOCCt^'? inifctions 
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The 3 treated with the acetyl derivative of 4,4'-diamiuo-diplieiiylsiilfonc al^, 
survived the full ten days and likewise with considerable healing of the local 
lesions, but all showing positive lesion cultures. 

As previously stated, all 3 untreated controls inoculated with type III pneu- 
mococcus survived the period of ten days, but abscesses developed with positive 
cultures (Table XII). 

All 3 treated with sulfanilamide likewise survived with complete healing of 
the local lesions and negative cultures. Of the 3 treated with its acetyl deriva- 
tive one died on the tenth day wdtli a positive lesion and blood culture, while 
the remaining 2 survived, one with a negative lesion culture. 

Of the 3 treated with djd'-diamino-diphenydsulfone 2 survived ten days with 
complete or almost complete healing with negative lesion cultures, while the 
remaining animal died on the tenth day with a local lesion well healed but 
with a positive lesion and blood culture. All 3 treated with its acetyl deriva- 
tive lived the full ten days with almost complete healing of the local lesions 
along wdth negative lesion cultures. 


CONCLUSIONS 

1. Sulfanilamide bj" oral, subcutaneous, intravenous, and combined oral 
and subcutaneous administration was only verj^ slightly effective in the treat- 
ment of type I pneumococcus peritonitis and septicemia of rats. Much better 
results were observed in types II and III infections. 

2. Sulfanilamide by oral, intramuscular, intravenous, and combined ora 
and intramuscular administration was only slightly' effective in the treatment 
of type I intradermal pneumococcus infections and septicemia of rabbits. 
Much better results W'ere observed with ty'^pe 11 and type III infections. 

3. The acetyd derivative of sulfanilamide was less effective than sulfam 
amide itself in the treatment of ty'pes I, II, and III intradermal pneumococcus 
infections and septicemia of rabbits b,v the four routes of administration- 

4. 4,4'-Diamino-diphenylsulfone was more effective than sulfanilami c m 
the treatment of ty^pe I and ty'pe II intradermal pneumococcus infections 
rabbits by' the four routes of administration, but probably* slightly' less e ec 
in the treatment of type III infections. 

5. The diacety'l derivative of 4,4'-diamino-dipheny'lsulfone was less e 
five than sulfanilamide and diamino-dipheny'lsulfone in the treatment o 

I and ty'pe II intradei-mal pneumococcus infections of rabbits with 
by' the four routes of administration, but about equal to these compoun 
the treatment of ty'pe III infections. 


in 
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THE DETERMINATION OF SUI.FAP'V RIDINE IN BLOOD* 


E G Schmidt, Ph D , BtLTiMORE Md 


decent experimental exidencc indicates that 2 (p amiiiobenzenesulfona 

mido) pyTidine' ^ or snlfapyiidme^ is a moie promising chemotherapeutic 
3gent in pneumonia therapy than sulfanilamide itself Intelligent treatment 
■with this drug ■will lequirc a knowledge of its conccntiation in the Wood ' In 
the present papei data aie gi\en on the determination of sulfapyndme in the 
Wood by meins of three methods uhich haxc been used successfully foi sulfanila 
nude analysis the Mai shall® “ and the Pioom'=* *=* diazotization piocedures and 
the naphthoquinonesulfonic acid method”" of the autlior which can be per 
formed on routine blood filtiates 

METHODS or AN\L'iSIS V^D nrCOIFRl Ol IDDED SULrXPIRIDINE 

The generil plan of appioich was the same as tint used In the authoi in 
prcMous -woik on sulfanilamide anahsis”**' To IS c c poitions of pooled 
o'Jihted, human blood woie added 2 ec qumtitics of stock sulfap\iidinet 

'From the Department of Biological Chemistrj Unixeisitj of JJarjlanl Scliool of Modi 
'■me Baltimore 

tMerck and Co Inc kindlj furnished the «5Ulfapj rldlne used in these expciiments 
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solutions of such strengths as to yield a series of bloods containing 1 to 20 mg. 
sulfapyi’idine per 100 c.c. The stock solution was prepared by dissolving 1 gm. 
of the drug in hot distilled water. This solution was cooled, then diiutcd to 
1000 c.c. Each cubic centimeter contained 1 mg. sulfapyridine. After a few 
days some of tlie compound would crj'stallize; when this occurred the solution 
was discarded. The various standards for analysis were prepared from a stock 
solution wliich contained 0.1 mg. per c.c. and whicli remained clear and stable 
oven in the cold. 


In tlie Marshall method exactly 3 c.c. quantities of Wood were laked with 2! 
e.e. of 0.05 per cent saponin solution and tlien deproteinized with 6 c.c. of a 20 
])er cent p-toluenesulfonic acid solution. To 10 c.c. of filtrate was added 1 c.c. of 
freshly prepared 0.1 per cent sodium nitrite, followed by 1 c.c. of tlie phospliatc- 
sulfamate solution,^' and then by 5 c.c. of alcoholic, heat-activated^" dimethyl- 
alpha-naphth 3 'lamine. Appropriate standards were treated in a similar manner, 
and comparisons were made in the colorimeter at the end of ten minutes, al- 
though the color would remain stable for at least an hour. In the Pmm wodiS- 
cation 3 c.c, of blood were laked with 21 e.c. of water, followed by deproteiniza- 
tion with 6 c.c. of 15 per cent trichloracetic acid. Ten cubic centimeters of this 
filtrate and an equal volume of the various standards were treated as in the 
Marshall procedure.” In tlie naphthoquinonesulfonic acid method 3 c.c. quan- 
tities of blood were laked with 24 c.c. of 0.12 N sulfuric acid, follow'cd by 3 c.c. 
of 10 per cent sodium tungstate solution. A drop of 0.1 N liydrochloric acid was 
added to 10 c.c. portions of each filtrate and standards, followed by 1 c.c. of 0. a 
per cent sodium-beta-naphthoquinone-4-sulfonate (prepared from a 0.5 per 
solution, wliich remains stable for at least a montli in a cold, dark place). 
tubes were placed in the dark for an hour, after which the orange colored sou 
tions were matched in tlic colorimeter. Since the reagent itself is colored, eorrcc 
values can be obtained onlj^ if the unknown and the standard used for compan 
son are nearlj" alike. 

Table I 


Becovery of Sulfapyridine Addf.d to Blood by Various Methods 


RECOVERY BY 


OF Analvsis 



naphthoqulvose- 
HiTr.FONIC ACID 



The data in Table I indicate that excellent recovery (98 to qiianti- 
of added sulfapj'ridine was obtained with the Jlai’shall method,' hut 
tative reeoverv was not secured on the trichloracetic acid filtiates 
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S ))U cent ot tlic .kWlcI siilf.unndmc was adsoiliul In the pucipitattd inotcins. 
Tim fict M. 1 S tonfnmed in the following .mnnci Ten eubic eont.mctcis of 
sulfapiiidinc solution eontainin- 1 mg ot the ding neic diluted to 100 cc evith 
contiol tiichloiaeetic acid blood filtiate Anothei 10 t c poition nas diluted to 
the same \olume Mith Matei containing IS ce of 15 pci cent tiichloiaeetic acid 
per 100 ee Ten cubic ccntimetei i|nantities ot eaeli of tliese solutions gaie 
exietij the same amount of eoloi aftei tlic addition of tlie piopct leagent-s*- 
This diffcis from the sulfanilamide cxpci imciits Mlieicin quantitatne lecoien 
was ahiais obtained fiom tlic tiichloiaectie acid filtiates also The data also 
show that 18 pei cent of the added sulfapindnu ivas adsoihed In the piotein 
tungstate inccipitatc, as eompated with 10 pei cent in ease ot sulfanilamide 
repoitcd in a pi ei ions papei ■ Since these lossis aic consistent hoMceei, lo 
gaidless of the coneentiation of sulfapM idine in the blood collect lalnes can 
he seemed hj diiidmg the obtained \alnes In the factois 0 92 and 0 82 lo 
spectn eh ’ 

T\ble II 


COMPAFVTIVF ANAIVStS OF THE BlOOD OF PATIFVTS UsPFUOINr SlUAP\nDI\F T]IFlAp\^' 


MAPSIIAIiL method on 
1 rOLUENESUnOMC 

ACfD FHTPATES 

(A) 

PPOOM MMISIIAII, 
METHOD ON 
TRtClirorACFTIC 
ACID FILTPITES 

(A) 

0^2 

VAPIITIIOQllSONE 
SLLFOMc ACID 
MFTHOI) ON TusrsTir 
iriD IILTPITES 

w 

0 82 

IK) 



nn 

15 9 


115 

125 

9(» 

11 7 


90 

08 

8 2 

10 0 

9 1 

83 

00 


88 

S 6 

78 

b . 

7 2 

88 


53 

5S 

50 

Cl 


50 

54 

4 3 

52 


4 2 

4 f> 

34 

41 


27 

20 

25 

'‘0 

- 2 

1 0 

2 1 

1 S 

2 2 

I 5 

IS 

14 

14 1 

1 7 


07 

08 

07 1 

09 


The values are given as nig of sulfap>iidine per 100 tc of blood 


In Table II data aic g^^en on a senes of bloods seemed fiom patients luidti 
sulfap) iidiiie tlieram Again it is obvious that the \.ilucs guen b\ the 
I arshall piocediue“ on the tnehloiacetic acid filtiates aie slighth Io\\ei than 
ose gnen fbe same method on tlie p toliienesulfomc acid filtiates When 
cse lowei \alues are eoriected foi sulfap\ ridinc loss, incidental to depiotein 
ization, b^ the factor 0 92, \alnes aic secured -nhieh check ^\cll ^\lth the highei 
•ind moie coirect ones gnen h> the rcgulai Mai shall metiiod The findings \n 
le naphthoqunionesulfonic acid method aie Iike\Mse low When these findings 
fire dnided In the correction factor 0 82 m this case ^ allies *110 seemed nhich 
*’0 check elosol} with those gnen hj the Maishall piocedmc 

CONCH SIGNS AND S,UMMAR\ 

The sulfap-\ iidine coneentiation of lilood can he acenrateh dctcimmed b^ 
le recent Ifaishall method on p toUienesuIfonic acid filtiates On tnehloiacetic 
^cid filtiates, howe\ei, this method gnes ^ allies which aie low hj 8 pei cent 
6 *^fiphthoqmnonesulfomc acid method on tungstic acid filtiates gues lesults 
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which are low by 18 per cent. However, correct values can he obtained in eacli 
case by the use of proper correction factors Tlie regular Maisliall pioeediue 
has the advantage of greater color ijroduetion, better proportionality, and piob 
ably greater accuracy. Hovever, the naphthoquinonesulfonic acid method seems 
to fit in better with the routine hospital work. Thus, it is carried out on the 
regular Folin-Wu tungstie acid blood filtrates, requires fewer and cheaper 
reagents, and a shorter working time. 
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THE INFLUENCE OP THE WATEli SOLUBLE GONADOTROPIC 
FACTOR OF PREGNANCY URINE ON THE TESTES OP 
THE NORI\rAL IMJIA'JURE AND MATURE RAT^ 

II S RuBiNSinx, I\f D , Ph D \nd A AiiMtn \m i , A B , M D 
Baitimcrl Mn 

T he classic ■\\oik of Zondek (1926) Smith aiul Engle (1927), E^ans and 
otheis (1933) has sho^\n that the anteiioi lnt^lltaI^ gland controls the 
gonads Zondek (1931) has shown that in jmgnrnK\ cnoiinous amounts of 
pituitary like hormone aic excieted in the uiine Tins hoiinone he has called 
piolan Since this eailiei woik, a huge hteiatiiit has aLCumulated on the 
effects of piolan on the gonads While most ot tiiese lepoits concern them- 
sehes with the effects upon In poplnseetomized annuals lelatnely few critical 
studies haie been eaiized out on the noimal subject Fnitlieimoie, reports 
dealing with the effects of pie"nam\ uniie e\tiact (piolan) upon the male 
gonad aie at pieseiit quite eoufficting Foi example some denj its effect 
upon the geinunal epithelium (Eiiglo, 1932, IMoIien D’Ainoui, and Gusta\son, 
1933, Robson and TaUoi, 1933, Collip 1934) wlnle olheis maintain that 
spermatogenesis is cithoi acccleiatod oi incicased (Biouha and Simonnet, 
1929, Borst, Dodcilem, and Gastimoio\ic, 1950 Kiaiisc, 1930, Boeters, 1931) 
Moieoier, Brosuis and Schaftei (1933) and Llocd (1936) ha^e leported 
spermatogenic stimulation in the human adult 

In Mew of these conflicting lepoits, some of winch stood in contiadiction 
to the results of one of ns (Rubinstein, 1938), in pioducing an incieased 
spermatozoa! output in iioinial human males with this substance, we decided 
to rennestigate the pioblem 

For this piu’pose, 40 albino male rats of Wistai Institute stock from 
thirty to one hnndied dajs old weic studied One half of these (20) ser\ed 
as controls Both groups weie fuitliei subdixided into those oldei than fortj 
five days (age of noimal testicnlai descent — Donaldson, 1924) and those 
jounger All animals weie kept on a diet of Purina dog chow dailj, with 
green \egetables added twice weekh Watei was eonstantlj piesent The 
test animals locened dailj intiapeiitoneal injections of the watei soluble 
gonadotropic factoi of piegnanej mine to a total of 25 lat units foi the ten 
dajs The animals weie sacuficed twent^-foul horns aftei the last injection 
^lodj and testiculai weights weie lecoided, and the gonads weie studied 
grosslj and micioscopicallj 

RESULTS 

The extract in the doses used had no effect upon the bodj weights Pre 
iiiiture testiculai descent, as pie\iouslj lepoited (Rubinstein, 1934), was noted 

•From the Liboiatorj for Research Surslcil PnNion Sinai Hospital Baltimore 
necel\eil for publication October •! 1938 
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in all ti’eated animals. In addition, it led to significant increase in testicular 
■weights in both mature and immature groups as shown in Table I. 


Table I 

Body Weights and Testiculab Weights of All Anihals 


BODY WEIGHT 

TESTICULAR WEIOHT 

TEST 

ANIMALS 

CONTROLS 

DIFFER- 

ENCE 

c. n,* 

TEST 

animals 

CONTROLS 


i 

Immature 4S.0 ± 1.93 
Mature 130.0 + 5.82 

52, + 2.54 
122 + 4.59 

-4 ± 3.2 

8 ±5.8 

1.2 

1.4 

0.352 + 0.004 
1.996 ± 0.084 

0.308 ± 0.007 
1.701 + 0.043 

0.044 + 0.007 
0.295 + 0.094 

6,3 

3.1 


*C. R. indicates the ratio of difference. Differences are considered as probably significant 
only if this ratio is 3 or more. 


Histologically, the testes of the immature treated animals (Pig. hi) 
showed a mai'ked increase in interstitial tissue, a moderate hyperemia, a defi- 
nite increase in the number of spermatogonia and spermatocytes, and an 
increased number of mitotic figures. Spermatids were occasionally present, 
but mature spermatozoa could not be seen. In contrast to this the immature 
control testes (Pig. IB) showed interstitial tissue which was very scant and 
mitotic figures which rvere considerably less in number. IMature sperm were 
also absent here. In the epididymis of the immature test animals (Fig- Ip) 
could be seen clumps of immature sperm consisting of spermatocytes nliid' 
were often in active mitosis. The epithelium was definitely secretory in ebiip 
acter. No such cell groups could be seen in the normal immature contro 
epididymis (Pig. ID). 

The testes of the adult test animals showed a marked hyperemia and aj 
increase in interstitial tissue. In addition, there was a slight increase 
mitotic figures among the spermatogonia and spermatocytes as compare 


the controls (Pig. 2A and B). Since the mature group 


showed mature 


spermatozoa in both test and control rats, no striking difference 
observed in their epididymides. 


could he 


DISCUSSION 


Practically all reports agree that the water-soluble gonaclotiopic 
of pregnanc.y urine (P. U. extract) eau.ses a marked increase in the 
tissue of mature and immature rats. Our findings in this respect are 
corroborath’e. In addition to this effect the germinal epithelium m 
mals also showed evidence of germinal cell stimulation resulting m 
proliferation of spermatogonia and spermatocytes. Although 
quite noticeable in younger animals, no mature sperm were seen m • 


The mechanism of the action of pregnancy urine extract upon 


tlie germ" 
of androgenm 


epithelium of the te.stis is probably' secondai'y' to the liberation o 
substance through its action upon the interstitial cells. One is 
explanation for the following reasons: Pirst, the admini.stration o 
alone will lead to precocious testicular descent without evidence o 
cell involvement. Hamilton (1937) has sliomi this to he true m gg^godlj’! 
and the same result has been obtained in this laboratory' in the la ^.^,,,11' 
•rrowth and maturation of the acce.ssory sex oi-gans as well as mam eii. 
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the J0UR^^VE OP LABOHATORY ,vn 

^ CLINICAE medicine 
ens arp ^ 


wiien androgens are ad ' ■ ' 

Adults (Rubinstein and K,.ri,™d) 



Testes Of „,ature animals, a. Prolan 

tissue, Control. showing- increased intersiillal 

■oficause tile results 

hormone (testosterone) can aUn through the administration of male 
T PTedoniinantl.v stiniulatoQ +1 t^’^ed with pregnancy urine ejfract 
HOwn that the interstitial tio«n “^^^rstitial tissue, and because it is noir 
sa ey assume that the effectc r the androgenic hormone, one may 

le lum resuit secoiulariW to +)° PTegnaney extract upon the germinal epi- 

^ to tue iiberated androgen. 


CONCWTSrONS 


normal mature and immaturo • PTegnaney urine injected into 

HI eantJy enlarged testes ("bv to precocious testicular descent, sig- 

is ^®Tmone stimulates germimi^^^i * ’ increased interstitial tissue. IVliile 
Its mode of action is ]' Pi'oliferation, it does not hasten maturation, 

tile interstitial tissue is direnf^^^r^ assumed that while its effect upon 

0 testicular androgenic influenc ^ proliferative activity is secondary 
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EXCRETION OF VITAMIN C IN THE SWEAT® 

Irving S. 'Wright, A.B., M.D., and Elizabeth jMacLexathex, B.S., 

New York, N. Y. 


rj' ARLIER work, done b 3 ’ other workers and b.y onrselves, suggested that 

in persons who were febrile or avIio were subjected to temperatures siifii- 
cientlj’ high as to cause an abnormal excretion of sweat, a substantial amount 
of vitamin C might be excreted through this excessive perspiration. Further 
studies along this line have failed to substantiate this belief. 

Cornbleet, Klein, and Pace in 1936 reported that their determinations 
on sweat, collected from patients confined in a rubber sack during feier 
therap.y, showed an average value of 0.55 to 0.64 mg. per cent ascorbic acid. 
Our figures have been considerablj' lower. 

Sweat was collected from the face and shoulders of patients being treated 
in small whirlpool tanks and from the entire bodj' of patients while under 
treatment in a hot circulation air cabinet at 105° P. The sweat was collected 
in small glass tubes and poured directlj' into iced tubes containing 1 ® 

acetic acid. Five cubic centimeters aliquots were titrated with 2-6 ^ ' 
phenolindophenol d.ve and the necessar.v corrections were made. In sei J . 
four determinations on 20 patients under the ordinar.v hospital dietaii regime, 
the amount of ascorbic acid varied from 0.024 mg. per cent to 0.186 
cent, the average being 0.041 mg. per cent. The lower figures were some un 


onl.v verj’^ slightlj' higher than the Avater blank. ^ 

AVhen the determinations shoAved the amount of ascorbic acid 
SAveat to be exceedingly* small, Ave began to question if the SAveat vas 
an important aA*enAie of loss of the Adtamin from the body'. To follov 
experiment, therefore, certain patients Avere given a five-hour 
prior to their fever therapy treatment, and the test Avas repeated again 
ning five minutes prior to the start of the treatment. In this test the m la' 
injection of 1,000 mg. of crystalline A'itamin C Avas folloAved by ^ ^ 
the urinary excretion of this substance during the succeeding ' 
according to the technique Avhich Ave preAuously' described. Sueat as 
the customary urines Avere collected. The five-hour urinary 
ing the treatment aa-us loAver than that of the Aveek previous. ^ 
as the titrations shoAV, the diminished urinar.v return cannot le 
on the basis of loss through SAveat. The perspiration collecte 

'npvinrl -wroc infn -Fmir ncriods Avllicb COllC 


five-hour period Avas divided roughly' into four periods Avh 
to the rise and fall of the urinarA' excretion folloAving an 


intravenous 


•From the Department of Medicine of the Post-Graduate Medical Schoo 
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dose of Mtamiii C The lesults obtaiiud Horn these sepaiatt, speeimeiis oi 
sueat shoi^ed slight, if an^, ^alIatlOll liom each otliei, oi horn specimens col 
lected iiom the patient befoie his test dose, oi fioiu the ranj,c of iioiiual 
values These 52 deteiminations \aiied fiom 0 029 to 0 057 mg pei cent, and 
averaged 0 042 mg pei cent as compaied with tlie 0 041 iiig pei tent a^e^age 
\ahie from peisons on a noimal diet bince Gibson and Kopp ha'\e found 
that the gross water loss thiough the lungs and the skin duiing a five hour 
period undei similar conditions icanges between 1,750 and 5 500 cc, 
the most \itamiu C winch would be lost (using oiii a\eiage figiiie) would be 
between 2 and 3 mg This does not begin to compoiisate foi the fall m the 
iiuiiaij excietioii found wlien the fi\eIiour test is imi simultineousl} with a 
fe\er theiapj treatment It would, theiefoic ippeai that Mtamin C is not 
lost ni anj appreciable amounts thiough txcessi\t peispnation and that the 
lowered leturn ni the iiinie is the lesult of mcieased hodi metabolism ot some 
other factor 

CONCLUSIOVS 

1 The loss of Mtamni C sustained duiing the spells oi eveessne sweating 
IS piobabh best explained b'v an lucicased bod\ metabolism and the subse 
queut inci eased utilization of ascorbic acid in the tissues 

2 The \alues obtained fiom samples of peispnation langed fioni 0024 
toOlSG mg per cent ascoibic acid These values did not appeal to be changed 
significantly bj the intioduction, of laige amounts of Mtamm C (1 gm 
eebione) intia‘\enousIj 

REFERENCES 

^ Corobleef, Theodore, Klein, H I , nnd Pnee, E R Arch Pcrniat 1 Syph 34 253 2D36 

’ Wright, I S, Lilienfeld, A, 'ind MacLeoatlieD E Arcli Int Med 60 264 1937 

T Gibson, J G , and Kopp, Israel J Clm investig ition 7 219 193^ 


THE JXTKADEIHMAL TEST FOR VITAMIN C DETEEMINATIOX* 


Ir\ ixg S. Wright, A.B., M.D., and Elizabeth AIacLekathex, B.S., 

New York, N. Y. 


R otter in 1937, ami later Portnoj' and Wilkinson in the earlier inontlis of 
1938, described an intraderinal test by which it was claimed vitamin C mb 
nutrition could be determined quickly. They prepared a sterile solution of 2-(l 
dichlorphenolindophenol containing 2 mg. of the dye in 4.9 e.e. ivater. An area 
free of hair and superficial veins was cleansed with alcohol. One-lmndrcdtl! cubic 
centimeter of dye was then injected intradermally, forming a wheal sligbth 
larger than 2 mm. The time of injection and of complete disappearance of tlie 
dye coloration were earefull 3 ’ recorded. The.y found that in persons of normal 
vitamin C nutrition the av’erage decoloration time was less than ten ininnfes 
wdiile in persons with a deficienc.v, the time for complete decoloration mr 
above ten minutes. 


In the series which we ran according to the above iiroeediu’e, uc 
unable to obtain results which could be correlated ivith the dietain histonc-^ 
or the blood plasma ascorbic acid levels. Onr results were studied honi two 

+r. tlip dietarv history 

, the 


angles: (1) tlie relationship of decoloration time to the dietaiy histoi) awl 


blood values for vitamin C, and (2) the effect of the site of injeetioii on 
decoloration time. Our obsei-vations are herewith presented. 

1. Decoloration Time on the Arm in Ecspcct to Vitamin (7 Rhflh'C aiR? 
Level. — In this series, the dietary histoiy and the blood determinatioim 
according to the macromethod of Farmer and Aht) were closely le a e . 
intraderinal tests, however, showed slight, if any”, correlation. 

(A) Of 11 patients with an adequate intake and normal 

only” 3 had a decoloration time of ten minutes or less. The and 

eleven to nineteen minutes. According to the claims of Rottei, oi 
others, all of these should average below” ten minutes. 

(B) In the group of patients w'ith definitely” poor dietaiy habits ^ 
subnormal blood levels, 4 showed decoloration times of ten minutes 
remaining 7 took aniwvhere from eleven to thirty-three iniiuites. 


or less. Tl"’ 


2. Decoloration Time and Site of Injection. — jo,, in tb(! 
dermal tests it was noted that there was frequently” a w”ide yoiar 

response to tests injected within a few centimeters of each ot lei 
surface of the same arm. The difference in the time on one ariffW^ 

great as ten minutes. The question was then raised as to 
incompetence or other peripheral vascular disabilities might no 


school an'’ 
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in ail} one pcison’b lesponse to an mtiacldinal test oi 2 0 du liloiphcnolindo 
phenol Skill tests foi \itaiiiiii C siiffituiRv oi depletion weie tlieietoie, 
made on a gionp of patients in oiii vascular dmic The iniections weie •riven 
on the volni siuface of tlie lowei aim and on the medial aspect of the calf 
of the le" "Wheie tlic aims weic involved in a pathologic jnocess, the tests 
weie iim on each arm and one leg AVIieie oiih the lowci extiemitics weie 
aftected, the injections weie given on each leg and one aim Oscillometiic 
leadings were done on these patients The following lesnlts weie lecoided 

(A) In one case theie was n coiisideiahle discupantv between the lead 
mgs on each leg and on the light foieaim 

(B) In 13 cases the leadings on the dillei iit e\ti( unties agiced lathci 
closel} , 1 e , within five minutes of each othei 

(C) In 2 cases the decoloiatioii times ol on pm ot (xlumitics wcic ap 
proMmateh the same hut diftcied fiom that on Hit oppositt (lowci oi uppci) 
extieinitv 

(D) In 4 eases the leadings on oin leg were ni acioid with those of the 
aim but diffeied fiom that of the othci leg the I dtei is i inle being longei 
In this gioup it IS iiiteiesting to note that the loivt i leadincs weie fiequenti} 
accompanied b} diminished oscilloinetiu leuling below the knee 

All of the patients complained of an intense pain at the time of injection 
Tins peisisted foi a few seconds In seveial tases a haul ei v theinatous nodule 
the size of the ougiiial wheal leinaincd visible at the site of imection foi foiu 
to five w coks 


CONCr USIONb 


AVe do not coiisidei the nitiadciinal injection of 2 G dichloiphenolindo 
phenol a lehable guide in the deteiminatioii of tlie gcneial status of tlic bod} 
Titainm C iiutiition 

1 A^aiiations in the decoloiation time wcic too gieat to sot np a noimal 


lange 

2 Readings taken at one site fiequeiitlv vaiied coiisideiabh fioin those 
at either a close oi distant site 

3 Cases of inaiked deficiencv on two occasions fell within tlic noimal set 
Rottei, while the majoiitv of oiu noiinals weic above 
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POTASSIUJI CYANIDE AS AN AGENT INHIBITING THE OXIDATION 

OP VITAMIN C IN VITRO'' 


Irving S. Wright, A.B., M.D., and Elizabeth AIacLenathen, B.S., 

New York, N. Y. 


T he report of Pijoaii and Klemiicrer, that the addition of potassium cyanide 
to oxalated specimens of blood Avould prevent the oxidation of ascorbic 
acid in the blood plasma, was of great interest to us. Following their pro- 
cedure (the addition of 5 mg. of potassium cyanide and 10 mg. of potassium 
oxalate for every 6 to 7 e.c. of blood), ive ran a series of blood specimens in 
tw'o batches, one with and one without the cyanide. After running over fift) 
such specimens, we have arrived at the conclusion that the addition of potas- 
sium cyanide does not increase the aecuracy^ of the present method of deter 
mining the ascorbic acid values of blood plasma using the macromethod o 
Parmer and Abt. 

All of our specimens were run immediately after the withdrawal of tie 
blood. Where it was possible to obtain large samples, further titrations ^ 
done in six or Hveuty-four hours. In many cases determinations made ® 
were the same in both specimens. In others, the cyanide sample gave 
higher results. When excess blood was titrated at later hours, the rej^ 
were occasionally, but not uniformly, the same as in the plain 

the cyanide specimens. This was true, though not as frequent m 
oxalated specimens, and pointed toward confii’mation of the sta en 
Parmer and Abt that bloods differ in their loss of reduction povvei oi 
ing. Where there was a drop over the six- or twenty-four-hoiu and 

generally less in the cyanide specimen. This was, however, unpie ic < 
lienee of no practical value. 

CONCLUSIONS 

1. The addition of potassium cyanide retards slightly, but it 

vent, the oxidation of ascorbic acid in the blood specimens, i o 
tends to enhance the value of the plasma as shown by recent vyoi v. 

2. The apparent protection against oxidation processes is so 
able as to be of no practical vmlue. 
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BIOCHEMICAL OBSERVATIONS IN HYPOGLYCEMIA INDUCED 
BY INSULIN 


Ilf Blh\mor 01 Blood G\sls in RriAiioN to the IDrocLiccMrc Stvte 


Ed\\aidP Rc^lmicrg MD RofiiL^'rci Miw 


R ecently ■\^hIle tieatmj? patients AMtIi stlii7opliieina M means of insulin, 
I made a mimbei ot biochemual obs(i\ati«ns dm in" the hypogljcemic 
periods Obsci\ations of tlie cflect of insulin on tl'c lc^eI of the blood uric 
acid lia\e ahead^ been lepoitcd® Anion" in\ d ita aic included a gioup of 
studies of the beha'\ioi of the gases of tlie blood dm mg the h\pogl3cemic 
state Some seatteied lepoits on this subject aie .nailable m the litemtuie, 
but tliei aie contradictor and aie not extinsne I am submitting tliese 
studies because theie appeals to be a need foi more ctbsenations of these effects 

METHOD 

Venous blood 33as dia^vii fiom an elbou \ein without aid of toiiiiiiquet 
and a\oiding stasis The specimen was collected in a sterile sjringc containing 
about 6 e c of steiile mineral oil which was fiec of an bubbles The blood 
'wis immediatelj' transfeued to a small glas'' beaKei tontaining a few cijstals 
of potassium oxalate co^eicd bj a la\ei of steide mincial oil The blood A\as 
'itirred immediatelj and lathei gcntlj with a small glass rod These samples 
'^eie aimljredJ foi owgen and carbon dioxide content within tlnitj minutes 
aftei the withdiawal of the samples Foi dcteimmation of the oxygen 
capacit3 the samples weie equilibrated with loom an and at loom tempera 
hire b\ lotatnig in a sepaiator funnel until maximal exposme of the blood 
lias certain This leqnued fifteen niimites oi longei The technique and 
oppaiatiis used to deteimine tlie oxjgeii and caibon dioxide of blood samples 
^ere those described b> Van Sljke and Neill All deteinunations were made 
la duplicate simultaneously on two macliincs Oxjgeii saturation of venous 
^lood IS detei mined by dniding the -xalue foi oxygen content by the oxygen 
f^ipacity These studies y\eie conducted yiith scin/oplnome patients yiho y\ere 
atheiwise “metabolicalh noiinal 


oDsnnyATioNs 


If one admimsteis a huge dose of insulm .and allows hjpogljcemia to 
^e^elop, the ley el of oxy gen content of yenous blood increases marhedlj The 
'^Muiation yyith 0x3 gen unclei these cucumstances frequent^ re.aches to a 
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point equaling tliat of aiteual blood Also diunig Injiogbteniia, the capaeitj 
of -venous blood to cam oxigen js icgulaih somcnliat ineieased The le 
spouse of the caibon dio\ulc earning capatit\ to hjpoglveemia is not alua.^s 
the same In some studies slight uses vveie detected, vvheieas m othei instances 
the effect of lijpogbeeuna ivas to induce a slight fall (Table I) 

III each of the foui studies the appcaiance of Inpogheeiuia was accom 
pained b^ a substantial use m the o\tgoii satuiation and oxygen content of 
the leiions blood In Cases 2 and 3 coiisidoiable ini leases in the -values foi 
oxvgen eapacit\ also appealed In stiuh 4 (Case 2) obseivatioiis made two 
horns aftei the tennination of the Inpoghecmu einsode showed that the 
oMgeu content and ox-vgen saUiiation bad iituined to noimal -values for 
\euous blood At this tunc the coloi of the \enous bUxal had again become claik 


c M 



1 — Gases m -Nenous blooa m relnWon to hjpogljcemia. indvicea b> m'^ul n Develop 
lenc or the livpoglj cemlc state is accompnnlca bj a markea rise >n oxvgen saUirallon a rise in 
I'xjgen capacity an<l a slight lowering of tliC level of carbon dioxide content 

The shidj on patient 3 illusti.ite'. the lates of cliange m the gas content of 
Iiiood duiing hj poglj eeniia and establishes in tJie foim of cui\es the speed of 
aiipeaianee and disappcaiaiico of these efftets (Table II, Pig 1) 

In this studj iiiiietj niiiuifes aftci the injection of a laige dose of insulin 
the OMgeii content of jeiioiis blood had nioic than doubled, and this iiiciease 
nas iiiaintaiiied inoie oi less constantlj thioiighout the peiiod of hjpo 
gliceana CaihoUidiate was fed foiii houi,. aftei begiiiiiiiig the studj At 
the sixth hom when tlic patient was coinpletelj recovered fiom lis poglj ceinia 
lint 'alue £oi osjgen content and oxjgeii satluatioii had letuiiied to iioiiiial 
A defimte use m the oxsgcn caiixing capacitj of blood was likewise pieseiit 
one lioui aftei the iiisiiliii iii]ection Not oiih was this increase maintained 
thioiighoat the In pogh eemic peiiod, it peisistcd and was piesent two hours 
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Table II 

Gases in Venous Blood Eepkesented in Pig. l 


TIME AT WHICH 

BLOOD SAMPLE 

WAS TAKEN 

CARBON DIOXIDE 
CONTENT 

OXYGEN 

CONTENT 

oxygen 

SATURATION 

OXYGEN 

CAPACITY 

BI006 

SVG\T.' 


Vobtmes 
per cent 

Vohmes 
per cent 

Per cent 

Polujiies 
per cent 

Ug. per 10^ 

O.C. 


April 22, 1937. Patient 3; Insulin 90 Units at 7:15 A.si. 


7 

15 

A,M. 


7.25 


18.14 

07.6 

7 

45 

A.M. 

58.0 

9.40 

56.3 

18.64 

00.9 

8 

15 

A.M. 

56.9 

11.30 



67.S 

8 

45 

A.M. 

54.9 

15.20 

81.2 

18.96 

C7.S 

9 

15 

A.M. 

54.1 

16.10 

85.9 

18.73 

oaI 

9 

45 

A.M. 

54.4 

16.00 

85.7 


31.2 

10 

15 

A.M, 

54.7 

15.50 

82.7 

18.75 

29.4 

10 

45 

A.M. 

54.9 

12.30 

64.8 

18.98 


11 

15 

A-M. 

54.9 

16.3 

86.9 

18.76 

294 

11 

17 

A.M, 

150 

gin. sucrose through nasal tube 

1CS.0 

1 

15 

P.M. 

53.2 

8.45 

44.8 

18.87 


♦Micromethod of Folin. 


after administration of a large amount of carbohydrate had restored the blood 
sugar to normal and tlie patient to conseiousness. Thus not all effects of 
insulin are counteracted promptly by carbohydrate feeding. The charted 
curve of the values for the carbon dioxide content of the blood shows a a 
during the first two hours following the administration of insulin. This curie 
then reaches a level Avhieh is maintained throughout the remainder of t le 
observation period. The regular form of this charted curve suggests that t ic 
change is not due to chance, but that it is the I’esult of some definite c laUc*^ 
in blood chemistry as yet not understood. 

Control Observations . — Two studies Avere made on patients of ^ 
group under similar circumstances. The patients Avere in bed; one A\as a 


Table III 
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breakfast and the othei ■\^as (lepii\cd of food One hundred and fifty grams 
of suciose ueie administered to eadi bj mouth at a time corresponding to the 
caibohjdiate feedings m the abo\e studies (Table III) 

Coiitiasts between the findings in these contiol studies and those studies 
111 uliich insulin uas administeied and Inpoghcemia alloived to appear are 
obiious No significant changes appealed m the ov^gen capacity and the 
degiee of satiuation of the %enons blood uith oxjgen lemained within iioimal 
limits foi lenoiis blood in all obsenatioiis on eontiol subjects The margin of 
erior of the detei mination of oxygen eapaeiti is usually taken to be 0 5 
■\olume pel cent Poi this lensoii, the changes in ox\gen capacity in the 
control stiuh aie thought to be insignificant, wlieieas the degiee of change 
111 ox\geii capaeitj noted ni the studies dining hipogljcemia are thought to 
be significant 

COMMENT 

In 1923 Olmsted and Logan studied the eftcct ot nisnlin on the eential 
uenons sjstem and noted that aitenal blood of lats was leij daik and 
lenous 111 coloi when the blood sugai was low IJic\ stated that the appioach 
of the blood sugai to the eon\ulsi\c le\el could be foietold b\ obseiving the 
coloi and cliaractei of the blood Thej also desenbed ‘ iiian> points of le 
semblance between an insulin coinulsion and an asphj \ial coinulsion such 
as that caused clamping the tiaeliea of a cat or labbit Latei Olmsted 
and Tajloi lepoitecl that tlie satuntion of hemoglobin witli oxygen remains 
constant foi tluee houis aftei administiation of a eoiuulsne dose of insulin, 
that IS, until one houi befoie a coinulsion then it tails In one of then 
experiinents at the beginning of a coinulsion the o\j hemoglobin fell to 75 
pel cent from an original le^el of 88 pei cent and nftei the eon\ulsions it 
returned to iieailj noimal Klein and Holzei found that m hjpoghcemia 
the alkali lesene, as nieasiued b\ changes m tlie cnibon dioxide combining 
powei, did not laij be\oiid the limits of noimal but patients in whom the 
moie \ioIeiit symptoms appealed such as sweating, palpitation, shiveiing, 
hunger thiibt, and so foith, did show a slight loweniig ot the alkali reserse 
Tliej also noted that in contrast to tlie obsenatioiis of Olmsted and Logan 
m rabbits, the red coloi of -venous blood almost eqinh that of artenai blood 
(lining hjpogljcemia in man Latei tbe>^ lepoited studies of the oxjgen 
saturation of leiions blood diiung Ii^pogLcemia, using the Barcroft ap 
piiatus They found that the ox\geii satuiation of venous blood lu thnteen 
instances of hjpoghcemia v ailed fiom 86 pei cent to 97 pei cent 'Wieehmann 
and Koch also obseixed this coloi change as did Lautei and Baumann who 
noted also a slight inciease in tlie oxygen capacity of the venous blood during 
h'Poghcemia Biiggs, Koechig Doisv and Webei have stated that during 
Iiv pogh eeniia there oceuis a use in tlie value of lactic acid in the blood This 
mav account foi the fall in caibon dioxide capacity which I obseived iii some 

ih} studies 

The cause of the inei eased oxvgen satiuation of venous blood m hjpo 
Sheeniia is not clear One probable explanation is suggested b\ the observa 
hon of Ernstene and Altsehule of an aveiage of 29 pei cent increase m cir- 
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dilating blood volume per minute during hypoglycemia. If no alteration in 
oxygen utilization in the tissues occurs in hypoglycemic states, tlien with a 
greater circulating volume per minute less oxygen ivoukl be removed frow a 
unit volume of blood and the venous blood could be expected to be morei-atu- 
rated with oxj-gen. 

The increased carrying capacity of blood for oxygen during hypoglycemia 
is probably due to hemoconcentration. Further observations, including stuilie' 
of behavior of the values for hemoglobin, hematocrit, erythrocyte count, plasma 
chlorides, and serum proteins, support tliis belief and will be reported later. 

CONCLUSIONS 

1. The development of the hypogl.veemic state is associated with a marbd 
increase in the concentration of oxygen in the venous blood. This concentration 
reaches values usually found in .studies of the arterial blood. 

2. The blood has a greater ox.ygen-earrying capacity during hypoglyeeinia 
than normally. 

3. In one instance a .slight but steady fall occurred in the value for cadon 
dioxide content of venous blood. 
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BIOCIIEiMICAL OBSEKVATIONS IX nYPOGLYCEMIA INDUCED 
BY INSULIN* 


III Glicorriiachia and II\pOGL\cn'\irAt 


Edward P Eoscnbcro if D Rochestip Minn 


M any oiUstanding clinical phenomena ol tlu In po^’-]\ cemic state aie mam 
festh due to distmbaiues uitlnn the ctntial nenoiis s\stem These 
SMiiptoms plesu^lab]^ leflect altei.itioiis in tlie <hoinisti\ of the iiei^e tissues 
Studies of the behaMOi of constituents of tlu ci rebiospmal fluid might be 
expected to tliiou some light on the natiiu ot the changes uhich oecui m 
the biain, jet so fai as I am auaie, onij one papei dealing nitli expeiimental 
eftects of insulin Inpogheemia on tlie ceiebiospinal fluid of man and onlj a 
fen lepoits of the lesults of aminal expenment'' ha\e been published Ac 
cordiugh, I am subuuttiiig the following data whuh beai on this subject 


■METHOD 

Lumbal punetuie and Acnimmctiiic wcie peifoimcd on fasting patients at 
about Tam and samples woie ienio\ed foi anaijses Following this a “coma 
dose" of msulni was injected Tlieieaftei until inpogheemia was teiraiuated 
bj administiation of suciose, lumbai imnctiue and \cnipunctuie weie le 
peated hourlj Deteimiiiatious weie also made duunp the nfteiuooiis follow- 
ing teimination of coma, until the sugai xahies of the eeiebrospuial fluid had 
letiirned to appioximatelj then original Ie\el All patients used in these 
studies were sehizophiemcs in wlioin, except foi functional mental disturb 
aiice, theie was no eMdence of disease 


0»SER\ ATIONS 


If one administeis a laige amount of insulin and induces a piofound fall 
m the le^el of the blood sugai, the cerebiospmal fluid sugar ]e^el also falls, 
though not so lapidly as docs the blood sugai (Table I, Fig 1) 

Foi the pin poses of a contiol I made the following obser\ations A patient 
"as kept at lest in bed No food and no msulm weie gnen in the morning 
(Table II) Thus in a fasting patient to whom no insuhii is admmisteied, the 
sugai content of the ceiebiospinal fluid laiies somewhat as does the blood 
^ugar dunng the couise of the daj These xaiiations aie small and haxe no 
definite pattern 

The le\el of ehloiides in the ceiebiospinal fluid in the second studj 
(Table I) not influenced h^ the eftects of the insulin In the third studi 
(Table I) the afternoon chloiide lexels wcie somewhat lowei than those made 
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auriiij- the hypoglycemic period. These differences probably resalted fiwa 
the fact that patient 2 sweated profusely during hypoglycemia and doiibtleA 
lost c-hlorides in perspiration, whereas patient 1 remained dry throughout the 
studies 



■Rme in hours 



Time in tiours 

Fig. 1. — StucUps illustrating the relationship between the level of J-glueose in O'® 
cei ebrospinal fluid during hypoglycemia induced by insulin. 


blood anil ia 


In the second study (Table I) there does not appear to be aip 
alteration in the level of protein in the cei’ebro.spinal fluid as a result o 
administration and no pre.ssnre changes attributable to the action 


The erythrocytes probably resulted from trauma. 


COMJIEXT 

n 

Eatliery and Sigwald observed the effect of in.sulin liypogl.t 
sugar content of the cerebrospinal fluid of dogs. Tlicy stated tha 





ROSLNBIHG inPOGr\CMlI\ I\Dl Cl 1) n\ 1\M1I\ SIO 

gl\ceinm the le\el of siigai iii the teicbiospmal fluul diopped but not so lai 
leh'ltnel.^ as did the blood siigai In one instame blood sug:ai tell fiom 120 
mg per 100 ce to 37 mg pei 100 i ( , and the ceubi ospiiial fluid sugai fell 
fiom 80 mg pei 100 c c to 5-1 mg pei 100 <- c In then seioiid instanie blood 
siigai fell fiom 86 mg pei 100 ci to 20 mg pei 100 ( t , the cei ebiospinal 
fluid siigai falling fiom 87 mg pci 100 c c to 43 mg pei 100 t t As to tlie 
piessuie of the cei ebiospinal fluid in Inpouhttmia tlle^ ah\a\s iound a lela 
tne hypotension dining tlie hypogljceiiiK pciiod as conipaud \Mth tlie oiigi 
nal pressure 

Tvblb II 


CoMroL Stud\ of CErcBrospis \i Fiini is Pn \tio\ k Pi hod Siom 


TIME SAJri’LES 1\ EUE T IKES 

BLOOD Sit VR** 1 

4 bl 1 lU OSI I\ \L m ID SI { \I * 


Mg per 10 > cc 

Mn pa 10(1 ( i 

Tam 

95 1 I 

57 

9 30 A if 1 

8S 

<*2 

11 30 AM 1 

oo : 

57 

12 Noon 1 

“luncIB’ ! 


1 45 p M 

11 

< 0 

3 45 r Ai 

122 

()S 


•Mlcromcthocl of Folin 


Cnhane stated that theic is a close ielatioii''lnp be^^\een tlie qiiaiititj of 
siigai in blood and in the coi ebiospinal fluid Loweinm ot the IeM‘1 of tlie 
blood sngai appealed half an houi aftei admnnstj ntion of insulin One horn 
after the injection the lei el of sugai in the (Oleblo^plnal fluid iins loneied 
The fall m leiel of the cciebiospiiial fluid sugai uas lelatnely less than that 
of the blood sugar These obsenations wcie made on 4 human beings and 
2 dogs, each subject was studied aftoi adiumistntion of 20 units ot msulni 
No obsenations of the leeoieiy phase neie lopoited 

ICasahaia and Uetaiii base lepoited studies of tlic ceiebiospinal fluid 
siigai in the labbit following lustihn admmistiation lusulni doses ot 0 5 unit 
pei kilogiam induced Inpoghcoiihaeliia m tlio labbit uhich attained its 
uiaMinum between the second and tbnd lioiiis aitoi the injection The lei cl 
of the eei ebiospinal fluid sugai usually had ictuincd to noimal attei seicii 
horns 

Numeious indiiidual obsenations ot tlie leiel ot the ceiebiospinal fluid 
siiirai of patients in liypogly comia haie undoubtedly been studied and some 
haie been lepoited Dans and Bioun liaie published siicJi a studi iliei 
obseried a patient in liy poglicemic coiiiti and administcicd 100 2111 ot 
d glucose intiaieiionsly, but the patient did not le&poiid Blood sugai attei 
death i^as 17G mg pei 100 cc but the spinal fluul sugai 11 as only 25 mg' poi 
100 ec Then they made some studies iii clogs Fust thci lecoided the blood 
and ceiebiospinal fluid sngai lalues and then adinniisteicd insulin Wlieu the 
dogs i^eie 111 liypogly cemia, these values ueic ledeteiniined Insulin caused 
file usual fall in blood sugai and the ceiebiospinal fluid sugar fell also I hi 
(hop lu blood sugai i\as moie niaiked than the diop in sugai leiol of the ceiebio 
spmal fluid 

Biabkm and Raidin found a use 111 the piessuie of tlie < ci ebiosjnnal fluul 
(•f by dialed dogs dining hipoglicemia, but no use in tlie piessuie ot the 
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cerebrospinal fluid in delis^drated dogs under the same circumstances. Patient 
1 in my second studs'^ (Table I) did. not have anj- perceptible rise during 
hypoglycemia in the pressure of the cerebrospinal fluid as measured by tlie 
rvater manometer. 

CONCLUSIONS 


1. Lowering of the level of blood sugar following the administration of 
insulin is accompanied in man by a corresponding but slower fall in levei of 
cerebrospinal fluid sugar. 

2. Administration of earbohj^drate to a patient in hypoglycemic coma 
induces a rapid rise in blood sugar level and a corresponding but slower rk 
in level of cerebrospinal fluid sugar. 

3. Administration of insulin has no definite influence on the level of 
chlorides or protein in cerebrospinal fluid. 

4. No ehanges in pressure of cerebrospinal fluid which can be attributed 
to the effect of insulin occurred dui'ing insulin hypoglycemia among tlicse 
patients. 
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PLATELET STUDIES IN NORJIAL MEN AND WOMEN (MENSTRUAT 
ING AND NONMBNSTRUATING) AND SUBJECTS WITH 
BLEEDING DTSORDEKS^ 

Counts, DisiNTEorATiON Rates, and Intradermai Piatelet Injections 
Pevri Lee, M D , and Bettv Nnis Ericknon AI A Detroit, Mich 


lole plaj eel bj the platelets in the inecl inism of blood clotting has 
^ long furnished iinestigatois with an mtugiung pioblera Extensne re 
search o\ei mam jeais has 3 lelded impoitant lacts concerning their origin, 
morpholog}, and ph3Siolog3 Moie lecentU accuiatc knowledge of their 
chemical composition has been added ^ Ne%eitheless, the exact manner in 
iihich the} enter into the normal clotting pioeess and the cause of their varia 
tions in the bleeding disoidois is still impcilectl} understood 

The lack of adequate methods has in most instances, limited the clinical 
stud} of platelets to an enumeration of the total count Recentl}, Olef- has 
e^ol^ed a method foi making total counts uhicli pioMdes for a differential 
on the basis of size Piobabl} the best method a\ailab]e for determining the 
relative fragiht} of the platelets in health and disease®^ has also been de 
"veloped by Olef^t He st}les his deteimniation the “Disintegration Rate” 
The greatest advantage of tins method is that it makes possible a comparison 
of the differential foimula of the initial count uith that obtained after the 
disintegration period 

Using these improved methods of appioach to platelet behaMor, a stud} 
made of total and differential platelet counts and disintegration rates 
accompanied by platelet lipid determinations Noimal men and women, men 
struating uomen, hemophiliacs, and patients with thiombopenie purpuras 
^'ere subjects of stud} The results of this stud} aie supplemented in this 
paper b} the results of se^eial jeais' uork on skin sensitivity to washed 
platelet suspensions The skin sensitnit} is coirelated with the total platelet 
count and disintegration rate 

Olef's method^ for total and diffciential platelet counting is time eonsum 
lag and requires consideiable expeiience in its use for the production of sue 
cessful results The method is an indiiect one, involving the use of a solution 
of sodium metaphosphate to pi event clumping and dismtegiation A drop of 
the metaphosphate is placed ovei the site of the finger puncture so that the 
hlood IS mixed cluectiv with the diluting fluid and does not contact the skin 

*Prom the Childrens Ho'^pital of Midjir*" and the Research Laboratorj Childrens Funl 
viichlean 


Received for publication October 21 l‘>38 

technique for disintegration rate* was modlflod slightlj bj placing rfLiTll 
the blood in the Incubator at 37* C for six hour<* instead of the refrigerator for 

^‘Eht hours 
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Table I 


Total and Differential Platelet Counts* 
(All platelet counts expressed in thousands) 


SUBJECTS 

NUMBER 

TOTAL 

count! 

COUNT 

NEAREST .MEAN PIFIEREXTHL 

NO. 

AGE 

SEX 

OF 

PLATELET 

NEAREST 



COUNT 



COUNTS 

RANGE 

MEAN 

GKOUr 

I 

GROUP 

n 

cp.m'i’ m 

14 Normal Slen and Nonmenstruating Women 


per 

cent 


per 

cent 


jer 

cnl 

1 

31 

M 

3 

7SS-S70 

800 

56 

7 

648 

•SI 

96 

L 

3i 

1 

31 

M 

s- 

369-458 

427 

192 

45 

222 

52 

13 

2 

22 

M 

5 

850-10.30 

937 

57 

6 

766 

SO 

134 

14 

2 

22 

M 

G 

520-793 

626 

319 

51 

301 

48 

6 

I 

3 

32 

hi 

0 

480-690 

570 

188 

33 

342 

60 

Mil 

1 

3 

32 

M 

2 

490-570 

490 

245 

50 

240 

40 

5 

1 

4 

27 

M 

4 

477-570 

508 

137 

27 

371 • 

7o 

0 


5 

23 

P 

2 

440-C93 

440 

114 

26 

326 

74 

0 

14 

6 

31 

P 

5 

32S-712 

424 

84 

20 


f)fi 

60 

6 

31 

F 

4 

542-813 

715 

350 

49 

365 

51 

0 


6 

31 

P 

G 

302-421 

.371 

152 

41 

219 

50 

0 

4 

7 

27 

P 

3 

72G-92S 

811 

219 

27 

560 

00 

32 

8 

30 

P 

2 

511-586 

511 

128 

25 

3S3 

75 



9 

42 

P 

o 

O 

629-882 

828 

248 

30 

osn 

nn 



9 

42 

P 

4 

350-407 

378 

159 

42 

215 

0/ 


ly 

9 

42 

P 

9 . 

423-448 

423 

288 

68 

135 

.32 

4 

11 

3 

17 

10 

25 

P 

2 

574-613 

574 

86 

15 

405 

81 


11 

25 

F 

4 

57S-801 

693 

249 

30 

307 

53 

70 

12 

24 

P 

4 

5S5-873 

792 

340 

43 

428 

54 

24 

22 

13 

31 

F 

3 

1026-1206 

1098 

318 

29 

758 

60 


14 

27 

F 

3 

039-761 

711 

242 

.34 

455 

04 

14 



Total counts 70 


5 Normal Women, Menstruatina 

— -r 

5 

23 

F 

4 

400-539 

428 

111 26 

287 0( 

30 < 

5 

23 

P 

O 

539-021 

539 

140 26 

377 70 


6 

31 

P 

3 

481-502 

485 

218 45 

267 JJ 

i 1 

7 

27 

P 

4 

387-582 

461 

157 34 

300 ■tf> 


8 

30 

P 

3 

42(4-471 

451 

221 49 

230 ol 


9 

42 

P 

O 

504-558 

504 

OOO 44 

257 ot 


9 

42 

F 

O 

3.30-688 

.330 

122 37 

208 03 



Total counts 


20 


Thirty days or moro 


clapsnl 


♦All counts in each group were taken within thirty days, 
between groups of counts on the same Individual. , mean. 

tMTren only two counts were taken, tlie lowest total was used as count neares 


JAcute cold and sinusitis for ten days. i tl e prceci'"’' 

§Sinus infection and severe cough. Five days elapsed between this ant t 
period. 


♦♦Acute cold and sinusitis. 


After transferring the mixture to a pat'affin ettp, fresh preparations 
for cotinting. A simnltaneons erythrocyte count is also necessarj , to ca 
the absolute number of platelets. The lolatelets are 


clift'erentiated into tlnf^ 


Group 


IF 


classes according to size, using the red blood cell as a standard. - j 

one-fonrth the size of the red blood cell, Group II is one-tliird, and lo 
one-Iialf. This method gires higher total counts than most o 
mainly because there is less platelet de.struction involved in the 
of the .slides. Further details of this method may be found in t ‘ 

papei-.- ornin'^' 

All blood samples n-ere taken between 10 and 11 o'clock in for 

approximate!}’ two hours after eating. To establish a normal tota 

















I FE ERICKSON PIATEEET STUDIL'5 IN NOniAl Air\ \\D WOMEN S23 


am indnidual, counts weie made on tliice siicttssne d<ns A \auatioii of 
100,000 was allowed as the limits of eiioi 

Obscj^atioiis wGiG made on 4 iioiinal nion, 10 noiinal Moineii, when not 
nienstniatiiig^, and 9 hemophilic ihilthcii Fiie of the women ^\eie studied 
duung- meiisfuiafion The noiinal nulnidiials weie aU lu good health and 
had no histoi^ of unusual bleeding Ihe hemophiliacs had been luidei obsei 
latioii for se'seial AOais Then histones and laboiatom and clinical hiidiiigs 
weie topical of this bleeding disoidci 

Table I piosents the noinial total and difteientinl studies It consists of 
the counts dmded into 21 groups, made on 14 difleunt subjects The count 
neaiest the mean foi the gioiip is gneii with its difteiential This metliod of 
selection is followed in all the tables hen onh two counts weie taken, 
the lowest is used with its diffeiential 

Inspection of the total counts (Table T) le^ iK tint the gioups for the 
same indnidual ^^ll3 wideh This beats out biakefield’s lepoit*^ of wide 
variations fiom week to week upon the sann subject The counts in an\ 
group, with one exception, weie taken within intenaN of thiitv dais T\liere 
theie was a raaiked diop, it was usinllv associated with an acute cold and 
sinusitis Subjects 1, 6, and 9 dcmonstiatc fliese findings Tiicie aie no ditfer 
ences appaient between the men and women Seven pioups of counts pioscnted 
m Table I weic made upon 5 of the noimal women wlicn thtv weit mcnstiuating 

t\bi>e n 

Tot\l Pr vtflct and Diffepentjvl Colnts 

IlBMOrHILIAtS 

(All platelet counts exprc«sed m thoosamls) 


M \LE 
SUBJECTS 

MJMHEr 

OF 

TOTVL 

PI ATELET 

COUNT 
NCA> ESI 


COUNT NE-VrEST MEAN 
DIFFERENTIUi COUNT 


No 

AGE 

COUNTS 

TANGE 

MEAN* 

CROUP 1 

GROUP 11 

Cl OUT 

lit 

15 

13 

3 

450 IISS 

748 

524 

per 

cent 

70 

210 

per 

cciit 

28 

» 

per 

cent 

IG 

7 

P 

54G G40 

540 

202 

37 

344 

n 

0 

- 

17 

S 

n 

252 50G 

2^2 

120 

50 

101 

40 

25 

10 

IS 


4 

991 1157 

1013 

597 

50 

41G 

41 

0 

- 


9 

2 

944 974 

944 

G04 

G5 

331 

35 

0 

1 

20 

13 

1 

450 

450 

270 

Go 

IGG 

37 

14 

3 

2l 

15 

1 

4U 

414 

100 

40 

24 S 

CO 

0 

- 

22 

G 

2 

''17 1441 

317 

101 

32 

21G 

OS 

0 

- 


8 

1 

G39 

G39 

256 

40 

3VV 

59 

G 

1 

counts 

If) 










*Waien on!} t^^o counts were taken the lowest was used 


The same tjpe of nifoimation is given foi heniopliiliacs in lable II Heie 
a tot22 of IS Counts is divided into nine gioups A^nie difterent indniduals 
ate the subjects of the studj 

A eompaiatnc analysis of Tables I and II mav be made bv compaiing the 
?roup a%erages and langes for the counts neaiest the mean actoidiiig to the 
fiequeiicj of the occuireiice of the total counts at three levels (400 GOO thou 
COOSOO thousmid, and ovei SOO thousand) These figiues aie given 
in Table III 
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It may be seen that about 63 per cent of the normal total counts are ia- 
eluded at the lowest level. All the seven groups made on menstruating women 
are in the 400-600 thousand range. In this small series, the counts during 
menstruation are definitely lower than in the group iiicliuliiig both men and 
noumenstruating women. GenelP" has pointed out similar decreases in the 
counts during menstruation. 

Table III 


Averages and Ranges of Differential Platelet Counts of Total Counts .n 

Three Range Levels 





FREQUENCY DISTRIBUTION ACCORDING 10 


NUMBER 

GROUPS OF 

TOTAL COUNT LEWLS 


OP 

DETER- 

400-600 

600 800 



SUBJECTS 

MINATIONS 

THOUSAND 

THOUSAND 

THOrSANIt 

Kmmal M <S' F (Nonmen- 

14 

21 

11 

5 

5 

stniating ) 

(4M, lOP) 





Group I: 





ISO 

5621S 

Average 

Range 



161 

S4-28S 

300 

242-350 

Group II: 




383 

301-455 

CC2 

SCO 7CG 

Average 

Range 



291 

135-463 

Normal F* (Noninenstruat- 

5 

9 

0 

1 

0 

ing) 






Gioup I: 




330 

234 

219 245 

Average 

Range 



154 

84-288 

Group II: 



260 

065 

570 

Average 



5C05S0 

Range 



J.bO'tiSo 

0 


Normal F* (ilenstrvating) 

5 

7 

7 


Group I: 






Average 



170 



Range 



111-222 



Group II: 






Average 



275 



Range 



208-377 

2 

n 

Hemophiliacs] (Children) 

9 

9 

5 


Group I: 




390 

256-524 

coo 

Average 

Range 



173 

101-270 

597-004 

Group II: 





374 

Average 

Range 



215 

101-344 

294 

210-377 



•Same 5 women. 


fTwo counts in this group are below 350,000. 


No significant diflt'erence between the different types of su jjow- 

in the distribution of Groups I and II, in the lowest total pj. over) 

ever, there is a definite difference in the highest level counts (8 i ^ j^ornial® ^ 
for the normals and the hemophiliacs. In the high counts or jjjQucand 
much greater percentage of Group II is present than in the „,„,.Led i”' 


percentage of Group II is present 
class. The hemophiliacs reverse this picture, i.e., 
crease in the percentage of Group I in the high counts. 


they show a mar 
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01efi3 States in liis papei on the tlmical significance of tlie cliffeiential 
platelet coniit that in the stuclj of 45 adults he obtained the following aver- 
age Gionp 1, 18 G per cent, Group II, 63 3 pel cent , Group III, 17 4 pei cent 
The method as used heie gaie a-veiages of 33 pei cmt foi Group I, and 63 
per cent for Gioup II Gioup III was nsnalh so small tliat it has been ignored 
in the geueial a\eiages 

Olef included a Gioup IV, consisting of odd shaped platelets, m the dif- 
ferential The numbei of these is so small that we ha\e ignored his group 
completely 

DISINTEGRATION KATES 

In Table TV the disintegration rates foi noinial vomen are presented The 
subjects when not menstruating sliou a decrease in total count after six hours, 
ranging from 30 per cent to 52 per cent AMth an average of 41 The women 
when menstruating haAe disintegiation lates Aaomg from -16 to +39, with 
an aAcrage of +2 (The ^'+'^ sign indicates that the total count was increased 
by that per cent ) 

Table V piesents 15 disintegration rates peifoimed on 9 diffeieut hemo 
phihacs The lates langed from -27 to +89 A\ith an aACiage of +2 5 An 
analysis of tlie changes in tlie differential at the end of the six hour period is 
given in Table VI, based upon the results contained in Tables IV and V 

A compaiison of the disintegiation rate foi the various subjects shoAVS 
that the rate is much fastei for tlie iioimal nonnicnstiuating women than for 
anj of the other groups piesented The laiige Avas fiom -30 per cent to -52 
per cent, AVith an a\erage of -41 per cent In this papei Ave have considered 
anything sloA\ei than -30 to be letaided Olef® regarded any figure faster 
than -10 as normal HoAvcAer, the method as handled m this laboratory gave 
much higher lesults Perhaps incubation foi six hours instead of placing in 
the refrigeiatoi for eight horns, accounts for the difference The analysis of 
the peicentage changes in Groups I and II of tlie diffeiential after the six hour 
period can be used to sIioaa general tiends oiilj because of the small size of 
the groups 

The hemophiliacs are separated accoiding to clotting time and treatment 
While tlie untreated hemophiliacs tend to give a decrease in Gioup I (average 
"25 per cent) and an increase in Group II (aAerage +63 per cent), the trans 
fused cases present the leveise that is, an increase in Group I and a decrease 
m Group II This is, perhaps, a step toAvard the normal distribution The one 
hemophiliac treated aa ith placental coagulant and the one treated with splenic 
extract and also the tliiee vAith shortci clotting times, shoAv the same tj^pe of 
sanation as the transfused group 

SeAcral facts aie apparent from this analysis fiist, the menstruating 
'\omen and all the hemophiliacs haAC a niarhcdly delajed platelet disintegra- 
tion late, second, the diffeientml changes are impoitaiit as well as the actual 
tbsmtegration lates All the hemophiliacs vaiA eonsideiably from the normal, 
fiut the imti eated cases aa ith long clotting times sIioav the Avidest a anance The 
deciease m Gioup I AAith an mciease in Group II suggests that the smaller 
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Table IV 


Disintegration Kates— Normal Women 


{All platelet counts expressed in thousands) 


CxVSE 

CLOTTING 


TOTAL 

1 MFFEUENTIAL COUST 

NO. 

TIXIEIO 


PLATELETS 

GEOUP I 

onoup II 

GHOIT HI 

Nonmenstruating 
5 10 min. 

women. 

Initial 

After G hr. incubation 
Increase or decrease 

093 

431 

-38% 

173 

147 

-15% 

499 

263 

-47% 

21 

21 

0 

12 min. 

Initial 

After 6 hr. incubation 
Increase or decrease 

302 

210 

-30% 

184 

57 

-G9% , 

118 

153 

+30% 

0 

0 

8 

9 min. 

Initial 

After 6 hr. incubation 
Increase or decrease 

586 

282 

-52% 

88 

102 

+IG% 

44." 

163 

-63% 

On 

37 

9 

11 rain. 

Initial 

After G hr. incubation 
Increase or decrease 

828 

494 

-40% 

248 

213 

-14% 

580 

281 

-52% 

0 

0 



Initial 

After G hr, incubation 
Increase or decrease 

G43 

347 

-4G% 

315 

111 

-G5% 

328 

205 ! 

-3S% 

0 

31 

Menstruating women 

5 19 min. Initial 

After 0 hr. incubation 
Increase or decrease 

426 

592 

+39%) ! 

111 

142 

+28% 

2.08 

414 

+39% 

17 

;o 

0 

5 

0 

37 

4 

0 

0 

19 



Initial 

After G hr. incubation 
Increase or decrease 

621 

522 

-16% 

ICS 

214 

+27% 

453 

303 

-33% 

6 

17 min. 

Initial 

After G hr. incubation 
Increase or decrease 

485 

413 

-15% 

218 

124 

-43% 

267 

252 

-6% 

7 

19 min. 

Initial 

After G hr. incubation 
Increase or decrease 

461 

417 

-10% 

157 

258 

+04 % 

300 

loS 

1 -47% 

s 

15 min. 

Initial 

After 6 hr. incubation 
Increase or decrease' 

451 

4CG 

+3% 

221 

140 

-37% 

230 
i 307 
+33% 

9 

20 min. 

Initial 

After 6 hr. incubation 
Increase or decrease 

504 

513 

+2% 

222 

308 

+3.9% 

257 

205 

-20% 

0 

(i 

45 



Initial 

After C hr. incubation 
Increase or decrease 

330 

374 

+13% 

122 

104 

■ -15% 

208 

225 

; +S% _ 


platelets have imbibed fluid and thus increased in size. Perguso'i j,*'j.plion of 
that the first stage in disintegration of the normal platelet is an a 
fluid and consequent increase in size. Perhaps the process has s o _ ^ 


point instead of going on to complete breakdown or, 




an increase in Group I. the process may have gone a step 


fartlier and rc?ai 


in the breaking up of the large forms into two or more sniallei T>‘ ■ 
It seems obvious that transfusion and the treatment bj spl 
and placental coagulant have modified the abnormal difCeicnlia 
not enough to change the disintegi’ation rate. Clinical iccoiis 


extrad 
nicivliah 
(licate tlid 
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Tabll V 

Disintegration l? \ti <5 — ^HrMORnir i\cs 


(All plfitclet counts exprc*>»e<l in thousanils) 


CASE CLOTTING 


TOT\I< 

I DIIFFRFNTUL COUNT 

NO, TIMEIO 


I*L VTFI I TS 

GROl I‘ I 

1 rioip II 

GROUP lir 

-Yo trcatmeiit 






15 2 hr. 

Initial 

74S 

124 

210 

14 


Aftei (1 lir. incuhation 
Incrc.isc 01 dccrc.ase 

-27'A 

2(»2 

-90^^ 

201 

+24% 

22 


Initial 

110 

S2‘) 

117 

4.5 


Aftei G hr. incubation 
Incre.iso or ilecieasc 

520 
+ 1C)^ 

140 
— II/T 

380 

+225% 

0 


Initial 

llsS 

207 

801 

0 


After G hr. incubation 
Increase or decrease 

'll<l 

-2 .■> 

MO 

+14% 

o(>0 

-30% 

9 

10 2J hr. 

Tniti.il 

(>10 

.(•1 

200 

G 


After G hr. incubation 
Increase or decrease 

f«IS 

-2J9f 

I 2<M 
-449r 

2s9 

+7 9c 

5 

1“ li hr. 

Initial 

oOT> 

213 

24S 

5 


After 0 lir. incubation 
Increase or decrease 

52 1 

+4*/^ 

I‘«4 

-23%^ 

J 50 
+33% 

0 


Initial 

212 

120 

101 

25 


After 0 hr. incubation i 
Increase or decrease 

177 

M.7 
+ ?J% 

305 

+202% 

5 

18 2 l,r. 

Ijutial 

1157 

.47 

sin 

0 


After G hr. incubation 
Incre iso or decrease 

1124 

-y'r 

IM) 

-4S% 

944 

-■I0%c 

0 

-1 17 mm. 

Imtinl 

4U 

100 

248 

0 


After G hr. incubation 
Increase 01 decrease 

423 

+2'/r 

too 

50% 

28S 

+10% 

20 

22 IS inm. 

Initial 

317 

lol 

21(1 

0 


Aftei () lir. incubation 
Increase or decieasc 

1 >9<- 

101 

0% 

2 50 

+ (*% 

4 

23 .“lO min 

Initial 

030 

210 

1 >77 

' () 

T rffiis/iision 

After () hr. incubation 
Increase 01 dceiease 

.no 

1 '179?^ 

' 150 

: -I89f 

-1% 





18 

Initial 

‘)P1 

115 

47(» 

0 


After (5 hr. incubation 
Incieaso or decrease 

02.3 

-79f 

554 

+S9^c 

300 

-22% 

0 

IS 

Initi.al 

n ]4 

345 

75S 

11 


Aftci 0 Jir. incubation 
Increase or decrease 

JOJS 

-6% 

597 

+71%. 

451 

-4n%c 

0 

00 

Initial 

1441 

470 

022 

43 

After G hr. ineubation 
Incica^se 01 dccicasc 

cot^iffidant 

15S4 

+IO 9 & 

770 

+03% 

7()0 

-199'c 

4S 

4 hr. 

Initial 

074 

227 

S47 

0 


After G hr. incubation 
Incieaso 01 decrease 

991 

42% 

2(tS 

+2 21% 

723 

-15%r 

1 

‘'^Vkmc cTtrart 






20 5 lir 

Inifi il 

450 

270 

107 

23 


After () hr. incubation 

515 

412 

98 

5 



Increase or decro.ase 

+u% 

+52%r 

-41% 



828 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


Table VI 

Comparison op Differential Platelet Counts After 6-Hour Disintegration Pmon 


AVG. 

DISIN- 

TEGRA- 

TION 

RATE 


Normal F (No-n- 
menstruatinp) 
Group 1 
Group II 

Normal F (Men- 
struating) 

Group I 
Group II 

Eemophiiliacs (no 
treatment ) 

Group I 
Group II 

Eemophiliacs 
(Transfused) 
Group I 
Group II 

HemopMlia-o 
(treated until 
placental ex- 
tract) 

Group I 
Group II 

Hemophilias 
(treated with 
splenic extract*) 
Group I 
Group II 

Hemophiliacs with 
maximum clot- 
ting time of SO" 
Group I 

Group II 


NUM- 
BER OP 
SUB- 
JECTS 


GROUPS 
OP DE- 


INCREASE AFTER 

6 HOURS 

DECREASE AFTER 

G HOURS 

AVG. PER* 
CEKTACT 
IKCFXASE 
OR K- 

NUMBER 1 AVERAGE 

NUMBER 

1 ATEMGE 

CREASt 


Per cent 


Per cent 


1 

16 

4 

41 

-so 

1 

30 

4 

50 

-24 

4 

40 

3 

32 

+ 9 

3 

27 

4 

20 

- 3 

2 

23 

5 

44 

-25 

5 

98 

2 . 

20 

•402 

3 

48 



44S 

07 


- 

3 

27 



(One showed no 
cliange) 

2 11 


•A protein-free splenic extract prepared Py AVilson Laboratories, Chicago. 


the treatment in the tn'o cases made the bleeding less setiere. 
short clotting times haAu the same type of dilferentials as the jjjjie. 

This similaritj^ in platelets may indicate the cause of their shoiter c o 
It is Aurji- interesting that the menstruating indiAuduals should 
retarded disintegi’ation rate. In the small series here no tinie= 

can be draivn concerning the differential distribntion. Their c o 
fall AA’ithin the same range as the mild hemophiliacs. 

.sensitiauta' to intradermal platelet injections ^ ^ 

For the past four years skin sensitiA'ity tests Avith platelet pi 1^^^ 
haAu been performed on subjects AAuth normal clotting mechanism- , 
philiacs, and on patients Avith thrombopenic purpuras. 


The cases iva 
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To piepare the platelet suspension, 10 t c of lenoiis blood ^\as dia;\n into 
a s}niige containing 5 c c of 10 pei cent sodium citiate This was discharged 
into a flash containing anothei 5 ce of the eitiate solution inakiiig the final 
concentiation 5 pei cent Dining the last Olef’s metaphosphate solution 
has been substituted foi the citrate since it seems to be a bitter platelet pie 
senatne The blood nas thoioiighl\ chilled before eeiitiifiiging, and kept as 
cold as possible 

For injection the final n ashing of the suspension is pei formed with 0 85 
per cent sodium ehloiidc, and the platelets fiiialh suspended in 3 c c of the 
saline Sterile teclnuqiie must be obsened thioughout * 

Table VII lepicseiits the lesulfs of iPtiadeiiiial injection of 01 ec of the 
sterile platelet suspension The noimni leaetion consists of a wheal about Yg 
inch in diametei which can bo defiiiitel\ felt on palpation with an aiea of 
redness Y: to % inch in diametei An\ thing laigci is considered to be abnor- 
mal and IS designated as a In peisensitniti Fatients gnnig no leaction are 
designated as In posensitn e 

Nine subjects w ith normal clotting iiiec Iianisnis and noi mal platelet counts 
aie presented in Table VII These gne the leaction considered to be noimal 
Eight untieated hemophiliacs gaie absoluteh negatne leactions This 
fiudmg 18 len inteiestmg when eonsideied in the light of the retaided platelet 
disintegiation latc of these patients as gum m Table V 

Subjects 31 thiough 3G aie patients with thiombopenic piirpiuas, pioved 
bj historj and prolonged obsei\ation to be of the chionic idiopathic tjpe In 
these cases an inci eased leaction was obsei\ed 

Subjects 37 thiough 41 are patients with secondary thiombopenias follow- 
ing measles These maj be dnided into two classes One class ga^e an in 
cieased, the other a negatne, leactiou dining the purpuia Both returned to 
noiinal as the platelet count letuined to normal 

An aplastic anemia case (Subject 42) ga^e a negatne skin test This 
patient niaj be assumed to ha%e had an aplasia of the platelets 

The question of the interpietation of skin sensitnitj to platelets and its 
use in clinical diagnosis becomes an inteiestmg one Thiee t^pes of leactions 
ha\e been demonstiated the one occuiimg ni the noimal indnidual, an m 
creased leaction occuiiing in the idiopathic thiombopenias and part of the 
secondarj tjpes, and the absoluteh negatne test demonstrated tliiis far onlj 
in hemophilia and a few seeondaij thrombopeiiias 

V/^hat determines seiisitiMtj oi the lack of it® It is known that all the 
blood components, including the platelets, aie constantly being destroyed and 
replaced Probablj in the noimal indnidual enough substances aie released 
into the circulating blood, fiom the dismtegiating platelets, to produce a 
slight skin sensitnity Tiie e\tieme opposite of the normal is lepresented by 
the idiopathic thrombopenia Ileie tlie platelets are piobabh being destroyed 
rapidly, thus leleasing an exccssne amount of platelet substances into the 
blood Tile fact that most of these eases aftei splenectom^ haie shown 

*The lipid distribution of human platelets in health and disease* 
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Table VII 

SENSiriMTl TO INTLADEL-VIAL PLATELET INJECTIONS 


SUBJECT 

NO. age sex 

DIAGNOSIS 


PLATELET 

COUNT" 

SKIN 1 
SEN SI 1 
TIVITi 

TO PLATE 

LETS 

5 

23 

r 

Noimal 


693 

Normal 

9 

42 

F 

Noimal 


828 

Normal 

2-lt 

8 

F 

Alastoiditis 


300 

Normal 

25 

4 

M 

Bpilepsj 


300 

Normal 

26 

5 

F 

Empi ema 


300 

Normal 

27 

6 

F 

Mastoiditis 


250 

Normal 

28 

9 

AI 

Alastoiditis 


300 

Noimal 

29 

12 

M 

Tubeieulosis 


250 

Normal 

00 

30 

F 

Noimal 


300 

Normal 

15 

13 

M 

Heiiiopliilia 


1188 

Hj-po 

16 

7 

M 

Hemophilia 


640 

Hjpo 

17 

8 

M 

Hemophilia 


500 

Hypo 

18 

4 

M 

Hemophilia 


1157 

Hjpo 

19 

9 

M 

Hemophilia 


974 

Hj-po 

20 

13 

M 

Hemopliilia 


450 

Hjyo 

21 

15 

M 

Hemophilia 


414 

Hjto 

23 

6 

jNI 

Hemophilia 

Thiombopoiiic puipuia: 


639 

Ilj-po 

31 

10 

M 

Chronic idiopathic 


50 

H3per 

32 

11 

M 

Chioiuc idiopathic 


20 

Hjper 

33 

S 

M 

Chionic idiopathic 


20 

Hjper 

34 

10 

F 

Chrome idiopathic 


20 

Hjper- 

35t 

11 

F 

Chionic idiopathic 


24 

Hj-per- 

36 

0 

M 

Chiouic idiopathic 


49 

Hyper 

37 

2 

F 

Secondarv thrombopenia 


20 

H)per-_ 

37 

2 

F 

Secondary thrombopenia 

{20 days later) 

230 

Normal 

38t 

8 

F 

Secondary thrombopenia 

19 

Hyper, 

38 1 

8 

F 

Secondary tluombopenia 

( 6 dajs latei) 

260 

Normal 

39 

2 


Secondai i thrombopenia 

20 

Hj-po 

39 

2 

:m 

Secoudaiy thrombopenia 

(21 days later) 

350 

Normal 

40 

3 

F 

Secondary thrombopenia 

20 

Hypo 

Normal 

40 

3 

F 

Secondary thrombopenia 

( 9 dajs later) 

250 

41 

O 

M 

Secondary thrombopenia 

20 

Hypo 

Normal 

41 

2 

M 

Secondary thrombopenia 

(28 days later) 

250 

42 

0 

F 

Apastic anemia 

10 

Hypo 


DISIVTECI I 
TION FATE 


Post 

Post 

Post mci''!' 
Post mei''*' 
Post 


*A11 platelet counts expiessecl m thousands lo^\e^ 

tCounts 24-30 and 38-42 ^ere perfoimed bj a methol ^\hich gi'c® ^ 


count thTi 


Olel r ctonn CoiuP'^^^ 

JThe platelet samples used in this stud\ ■\\ere piocuicd aftei splenec 
platelet anahses after splenectoin\ are picsentcd** 

iiiai'ked postoperative increases ia the eonnt, gradually retumiRn 
\vonld indicate that there is an actual hypciplasia of the pace 
tissue, thus leading to a still greater release of platelet siihstanc 
Avould aceoiiiit for the increased skin sensitivity. The skin test iipo> 
pathie throiiihopenia should he a reliable basis on which to foiin a^^ pjidont 
tive prognosis; the more marked the reaction, the moie •' . 

will be to make a good recovery from the purpura after sp en j-o- 

patient who appears to belong to this elassification and gua'’ “* 
action should arouse a suspicion of an incorrect diagnosis. tliionil''’" 

The increased skin sensitivity found in part of the t.' P^'' 

penias is probably produced by the same mechanism as in the u i ^ 

The secondaries giving a negative reaction may be assumed to 
plasia instead of an excessive destruction In a Inpoplasia oi <iP 
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feu platelets aie tliiouii into the blood sticain, time uill be a lack of clis 
integration pioduets to stimulate a seiisitiMt\ The fact that both of these 
seeondaij' groups gne a noiimd leaction attei the platelet count has iiseii sup 
ports this theon The sKin test iiia^, theiefoie distinguish betuecn e\cessne 
destuiction and lijpoplasia 

The negatne leaction of the heinopliiliacs is obMoush not due to lijpo 
plasia Anothei factoi is piesent in this disease uhich theoieticalh might 
lead to less than noinial phitelet dobtiiiction naiiieh the deci eased disinte 
giatiou late Since tlie total coniit seems to tollon the usual iioimal letels, 
that IS, it IS not iiici eased iii spite of Iht Jesseiud disuitegiatioii, it is hkeh 
tliat the platelet-pi odiicing tissues aic not as actm as lu tlie uoinial nidnid 
iials The skin sensitnit\ to platelets max pioxt to be a iisetiil diagnostic 
test 111 hemophilia 

SUMMARY 

A studj of the total and diffciciitial plitcUr <,(unts and disiiitegiatioii 
latos, uitli changes in the difieieiitial at the en 1 r lla ilisintegiatioii peiiod 
was made upon noinial men and nonmeiisti u itm^ u >nitji noinial uonien dm 
mg menstiuation, and hemophiliacs The m inir\ the total counts m all 
gioups ueie betucen -100 and 000 thousand nt lolds seemed to cause a 
(lefinite diop in the count Dining meiisliuii < n im totals x\cie modeiateh 
lou erecl 

When the count uas high in noimnl imlnnlnil^ ilie piicentage of laige 
platelets in the diflcioiitial was highoi, uliilt m flu h iiiopliiliacs the piopor 
tioii of laige platelets uas notabh docioi^ed 'llu disintegiation late detei 
mniations indicated a 30 pei cent destiuction i'' tin ktwei limit of iioinial 
Heinopliiliacs and menstniating uomeii ga\e an ! i ll\ letuded late The 
clotting time M as delaxed up to tx\eiit\ minutes Iiu it ii'^nsti nation, the nor 
mal uitli the method used being ten to tuehe mi ulis These points estab 
bsli an inteiesting similaiitx betxxeen the blooil 1 ]u mophiliaes and men 
striiatmg u omen 

Intiadermal platelet injections xxeic ‘-hoxxn to | lucluu i mild reaction lu 
normal indnidnals xxlieicas liemophiliacs ga\e a n and patients uitli 

chronic idiopathic tluombopcnic piiipiuas an mcis- d uaclion One case of 
aplastic anemia u ith xei X feu platelets gaxe a iicgitnt leaction The second 
ar\ tlnombopeiiias e\Kleiitl\ pieseiited a mixed gioup some gnmg an in 
cieaseil leaction, otheis a negatne All icactions beiame iioimal, howexer, 
xclieu the platelet coniit became noiinal 

The data obtained in tins studx indicate that platelet diffeiential counts 
and disintegiation lates togethci xiith tests ot skin seiisitixitx to platelets, 
max become impoitant aids in diagnosis and piogiiosis 
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ACTION OP SODIUM THIOCYANATE UPON TISSUE 
OXYGEN CONSUMPTION’"' 


Dale G. Friend, M.D., Boston, Mass., and 
Eoger W. Robinson, M.D., Worcester, Mass. 


S INCE Pauli^- - described the use of the thiocyanate ion in the treatment (I 
hypertension, this drug has been u.sed as a valuable therapeutic ai 
several clinics both in this country and abroad. Favorable 
results in lowei’ing blood pressure and relieving cerebral symptoms 
peared fi-equeutly in the literature. All investigators have noted toxm 
from the drug in Amrioiis percentages of their cases. These consist o 
ness, nausea, and vomiting, dermatitis, periods of hallucinations, 
aphasia, and even two fatalities with delirium, convulsions, coma, aui 
The earlier use of the drug cousisted of a daily dose between 1 ao 
either the sodium or potassium salt. Toxic symptoms ivere ^ 
that dosage. After Barker® described the method of ccr- 

cyanate concentration in the blood, it was possible to adjust the los^^ 
tain blood coneenti’ations in each patient, and the more serious 
toms from the drug have been experienced less frequently. j-noum 

With the wide use of this drug, it is surprising that so d ® pjgssure- 
about its pharmacology^ and mode of action in lowering 
Claude Bernard* in 1857 described experiments in which tlie dfiS-' 

of thiocyanate intravenously to dogs and came to the conclusion < 
was a direct smooth muscle poison. It abolished miisculai ac n . 


•From the Department of BiocliemlstiT of the Harvard Medical 
Clinics of the Peter Bent Brigham Hospital, Bo.ston. 
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producing any sensoi\ change P.mh^ = and Bentlej and LeRo^^ thought 
that the beneficial lesults in arteiioscleiosis -neie due to the power of thio- 
cjanate to dissohe calcareous deposits iii the aitenoscleiotic areas in the 
arteries LogefieP opposed tins ■viewpoint because of the prompt drop in 
blood piessuie piodueed bv the ding and the fact that the drop was not 
permanent PaulP - also suggested that the fall m blood piessuie might be 
due to a “deeiease in the cneigv of the hcait muscle In this legard Palmer, 
Silver, and "White^ noticed a softening in the foiee ot the heartbeat in some 
lijpeitensue cases recening thioc3anate Nichols** believes that m tosie 
doses, thiocyanate is a duect muscle poison abolishing muscle activity It 
IS known that the thiocyanate ion diffuses equally into all extracellular fluids 
iMth the same case as urea Because of tins piopeity, it has been nsed by 
Crandall and Anderson® as a method of detei nming the total amount of 
extracellular fluid Takaes'® behevetl that thiocvanate was a powerful yagal 
stimulant and explained the diop in blood pressme on this basis Westphal 
and Blum^^ suggested that tlnoeyaiiate “intrcases the peimeability of the 
arteiioles and deeieascs then tonus ** 

From this discussion it is eMdent that sevoinl theories ha\e been ad 
vaueed for the action of thiocyanate, but none is substantiated by sufficient 
etidence to waiiant its acceptance One of us m stiidvmg a large group of 
cases with essential hypei tension with this dnig was impiessed by the fre- 
quent statement by patients that they y\ 01 e yyealv, tiled lazy or lacked energy 
Some yolunteered the information that their skin was iiniisunlly dry and they 
noticed cold yyeather moie than pieyioush They exhibited symptoms siig 
gestne of depression of then metabolism 

With these obseiyations iii mmd y\e studied the action of sodium thio 
cjaiiate upon the oxygen consumption of normal lat liver in human serum 
Blood yyas diayyii from hypei teiisiye patients leeemng no medication, and 
the serum yyas prepaied fiee of caiboii dioxide as described elsewhere^ A 
portion of the seium was used foi contiol expel iments without thiocyanate 
Sodium thiocyanate in vaiying amounts was added to the lemainiiig portion 
The QO2 was deteimined accoidimr to oui pioviously desciibed technique ^ 

Fiom Table I it can leadily be seen that the diug does depiess the oxygen 
consumption of noimal tissue Of comsc, the highei concentrations that were 
studied aie far aboye the therapeutic and yvell into the toxic range The 
lover ley els, hoyvevei, aie occasionallv seen in patients 

The limiting concentiations the effect of which can be detected with this 
procedure, appear to be betyvecn 20 and 30 mg pei 100 c c 

It IS interesting to point out that sodium thiocyanate depresses the oxygen 
consumption of rat luei almost as much as does a similar close of chloral 
^‘}drate2 The liyei tissue so depiessed by thiocyanate, we have found from 
■^ome preliminarv expeiiments, is capable of being stimulated by methylthio 
June chloride wlieii it is suspended 111 human serum 

We next studied the action of sciuin fiom patients receiving sodium 
^^Bocyanate upon oxygen consumption of lat livei The tissue, suspended m 
Ike serum, was compared with eoiitiols suspended 111 serum from another 
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Table I 


Action op Sobiuji TmocYANATE on Oxygen Consojiftion of Eat Lute 


NUMBER 

HG. NaSCN 

PER C.G. 

QO. NO 
NaSON 

QOj WITH 

mscN 

% REDCCIIO.V Of 
0, cossniPTio.v 

1 

8.0 

-14.7 

- 9.2 

-37 

9 

4.0 

-14.7 

-10.5 

-2S 

3 

2.0 

-11.3 

- 9.4 

-17 

4 

0.3 

-14.0 

-11.9 

-15 

5 

0.2 

-12.1 

-lO.S 

-n 

6 

0.15 

-12.1 

-11.6 

- 5 

T 

0.15 

-10.3 

-10.2 

- 0 


liypei'tensive patient who was not receiA’ing- sodium thiocyanate. The sodiuffl 
thioe}"anate of the serum was clieeked by cliemical analysis. The ch'ng 
tent varied from 8 to 22 mg. per 100 c.e. These amounts fall in the lower limit 
of our method, thus making it doubtful whether we would he able to detect 
the effect of the pre.seuee of the drug in serum containing less than 20 »?• 
per 100 c.e. (see Table II). 

These results, although indicating that there is some decreased oxigin 
consumption, are not striking, in view of the fact that variations in the oxigw 
consumption of less than 10 per cent are probably of questionable significance. 
We are at present unable to say whether there is a definite deerea.sed oxigw' 
consumption at the therapeutic levels or not. Nevertheless, in coneentratwn 


Table II 


Action of Sodiusi Thiocyanate Sebum on Oxygen Consumption of E 


,VT Liwr. 


patient 


BLOOD NaSCN 
MG. 


% 


QO. hypebtensive 

CONTEOL SEBUM 


QO. HYPEBTENSIVE % 
NVaSCN SEBUM 


DECr.E-ISE IS 
0. UPTAKE 


1 

3 

3 

4 

5 

6 
7 


lO.G 

12.1 

10.3 

9.5 

S.O 

9.G 

22.0 


-13.6 
- 10.2 
-12.7 
-11.3 
- 12.1 
- 9.7 
- 10.0 


-12.3 

- 9.7 
-12.4 
- 10.6 
-ll.S 
- 10.0 

- 8.5 


-4.9 

- 2.4 
_ C.2 

- 2.5 
_ 3.1 
-15.0 


ranges where the action of tliis drug can be studied using oni ’j, 

apparently exerts a definite depressing effect upon tissue le.spn. 
should he remembered that in our experiments the tissue is ni c < 
the serum pins thioevanate onlv one hour, while the cells in the pa 
constantly exposed to it for weeks. This depressing effect < in 

the effect of traces of potassium cyanide and ehloi'al hydrate. jj 

the oxidation chain thiocyanate exerts its influence we arc nnable 

iiof 


does not interfere with the stimulating action of methylthionnie 


However, one patient who exhibited toxic .symptoms from the 
relieved when methylthionine chloride was given orally for foit\ cir 

.SUMMARY 

1. Oxygen eonsiimption of rat liver cells is depressed 
ion when added to serum in vitro. 


br the tbioe.va«=‘‘' 
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2 Seuims fiom patients letciMiig tl iol^ aiiate and exhibiting concentia 
tions of the ding fiom 8 to 22 mg pei 100 cc do not appeal to depiess the 
ox\geii consumption ot lat Inei suspended m them 

3 Metli} Itliiomne chloiide, ulicn gnen oialh, does not exeit anj amelio 
ratne eftect 
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LIVER DYSFUNCTION AS A POSSIBLE CAUSATIVE PACTOK 
IN RENAL LITHIASIS"' 


A Clinical Investigation on 39 Patients 


William J. Ezickson, A.B., M,D., Philadelphia, Pa. 


INTRODUCTION 


T hese clinical investigations conceruiug the possible role of the liver in 
the pathogenesis of renal lithiasis, we believe, are the first to have b® 
undertaken. During the past ten months, studies have been made in the 
Calculus Research Clinic at the Pennsylvania Hospital, Philadelphia. 
function tests were made on individuals who have or have had renal or 
ureteral calculi. We believe the findings are intensel}' interesting and iiar- 
raut bringing them to your attention. It is possible this may open np a new 
avenue to the approach of the problem of urinary lithiasis. 

Previous Studies and Findings That Lead to This Investigation.-- 
author,^ in collaboration with Dr. J. B. Feldman, presented before the Anieri 
can Medical Association, at Atlantic City, in June, 1937, a paper which ea 
with the incidence of vitamin A deficiency in a group of individuals w 
urinary lithiasis. It was shown in this study that 96 per cent of these 
showed a vitamin A deficiency. It was also shown that the giving of 
A concentrate by mouth in large amounts over a period of six to nine 


months 

that in 


did not alter this deficiency. This suggested to us the possibility ^ 
individuals with urinarj^ lithiasis, there ivas either a lack of ^ 
vitamin A, or if assimilation did take place, a lack of utilization due 
unknown disturbance of metabolism. Since the liver is known to he 
house for this vitamin, we decided to turn our attention to the 
determine, if possible, if there was any disturbance in the liver unc 

these patients. inlialcin 

Liver Function Test Used in These Studies. — ^We used the 
test in making these studies. We believe this test to be as reliable 
in a I'eeent article on the use and interpretation of tests for Inui , 

n 1 ^ r at. t i T oT" 1.1. _ 11 aI. ASSOClOi 

Snell and Magath- state : In 


types of disease of the liver not associa 
Tom the study of retention of bromsu p i 


jaundice, information gained from the study oi 
as reliable as that which can be gained in any other way', aud ^hat un 
conditions, other tests give chiefly' confirmatoiy evidence. 

Li most of the eases we injected 5 mg. of the dy'C per 
weight, as suggested by* 0 ’Leaiy, Greene, and Roivntree,® In a ev ^ 

•Prom the Calculus Kesearch Clinic, Department of UroioeJ, P^nns. 
Philadelphia. and the > 

Presented before a combined meetingr of the Philadelphia UroIoBi 
York UroIoBical Society, Philadelphia, April 21, 19SS. 

Receii'ed for publication, October 25, 193S. 
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injected 2 mg; ot the dj o poi Iviiogiam ol bod\ ^\elgllt Tins lattei dosage 
uas pioposed at fust, but latei it i\ab shown tliat the test could be impio\ed 
6} aijeetion of the hugoi dose (5 ing pei hg o£ bodj weight) 

Analysis of Results of Bi otnsuJphalein Tci/— Gioup 1 was gueii 5 mg per 
J\g iionfastuig, and a tiuitj imnute specimen was taken In tins gionp, which 
consisted of 30 cases, 15 showed che letoution of o\ei 10 pei cent, and of these 
15, 9 had letention of 14 pei cent to 20 pei cent, 4 had 20 pei cent to 50 per 
cent, and 2 had o-\ci 50 pei cent Table I shows Ihest ii suits in det nl 

Table I 


BroMSUmiALElN PLirMlON 

Group 1 5 mg per tg of the D>e Injected, 30 Mmutc Specimen, Nonfastxug 


C\SE 

rep CENT 


c\si 

PET CENT 

1 

42 


10 


18 

2 

15 


17 


10 

3 

4 


18 


16 

4 

3 


ID 


43 

5 

19 


20 


6 

G 

21 


21 


10 

7 

0 


22 


10 

8 

0 


23 


Traces 

9 

9 


24 


18 

10 

Traces 


2o 


2 

11 

14 


26 



12 

10 


27 


4 

13 

Traces 


28 


10 

14 

10 


29 


58 

15 

GO 


30 


7 

Gioin) 2 was 

feUCll 5 lllf! 

pci Kg on a 


Stomach 

anti a tliiitj 

annute specimen 

i\as taken 

In Hill gi 011)1 

w htcli 

consisted 

of 30 cases, 9 


had letention of the d\e otei 10 pei cent ot whidi a li.id letention of 13 per 
cent to 20 pci cent and 4 had 20 pei cent to 40 pn cent Tnlile II shows these 
lesnlts in detail 

Table II 


BrOWSULPlIALEIN Retevtiov 

Gioup 2 5 mg pei kg of the Djc Injected, 30 Minute Specimen, Fasting 



Gioiip 3 was gi^ en 2 mg pei kg, on n fasting stomach and a tliiit^ 
iniiuite specimen was taken In this gioup, which consisted of 7 cases, 3 had 
I’otention of 3 pei cent to 5 pei cent, and one was oiei 20 per cent Table III 
shows these lesults in detail 

Certain cases appeal in nioie than one gioiip, and can be followed bj the 
particidai ease nnmbeis, which would be the same in each gioiip This ivas 
done to check one method of gnmg the d\e against another, and the results 

obtained 
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Table III 

Bkoimsulphalein Ketentioji 

Group 0. 2 mg. per kg. of the Dye Injected, 30-iIiiiutc Speeimen, Fasting 


pel gext 

—5 

2r 

1 

1 


PEI! CE.VT 
- 


T^vble IV 


CALCULUS I 
AT I 
ITIESENT 


Lt. kidney 
Bt. kidney 


Rt. kidney 
Rt. ureter 


iLf. kidney 


PEEVIOUS OPEIUTIO.VS 


Lt ureter 


Rt. kidney 
pelvis 
Lt. kidney 


Lt. kidney 
Roth kid- 
neys 

Lt ureter 


Rt. ureter 
Both kid- 
neys 

Rt. kidney 
Lt. kidney 


Lt. kidney 


Dt. ureter 

Lt. kidney 
Rt. ureter 
Lt. kidney 
Rt. ureter 
In stump 
of rt. 
ureter 


1932 Rt. ureteiolithotomy 
1925 Rt. pyelolitliotomy 

1931 Bt. pyelolitiiotoiny 

1935 Lt. neplirectomy 

1936 Bt, ureterolithotomy 
Bone 

Bone 

1932 Bt. neplirectomy 
1934 Bt, neplirectomy 
1922 Bladder stone-c.r.«fot- 

omy 

1925 Bt. nephrectomy 
1932 (Sept.) Lt. uretero- 
lithotomy 

1932 (Oct.) Lt. urcterolith- 
otomv 

1932 Bt. ureterolithotomy 

1937 Bt. nephrectomy 
1937 Lt. nephiectomy 
1934 Lt. nephiectomy 
Bone 

1023 Lt. pyelolitliotomy 

1934 Bt. neplirectomy 
B one 

1935 Lt. nephrolithotomy 
1930 Bt. ureterolithotomy 


I Bone 
!193G Bt. 
11937 Lt. 

1936 Lt. 
:]927 Bt. 

1937 Bt. 
Bone 
1933 Lt. 

1935 Bt. 

1936 Bt. 

1936 Lt. 
Bone 
1037 Bt. 

1937 Lt. 
None 

1937 Bt, 

1938 Lt. 
1925 Lt. 
192S Lt. 
Bone 
Bone 
Bone 


nreteroiithotom) 

pyelolitliotomy 

nephrectomy 

pyelolitliotomy 

pyelolitliotomy 

pyelolitliotomy 

ureterolithotomy 

nephrectomy 

pyelolitliotom.v 

ureterolitliotomi 

nephrolithotomy 

urcteroiithoto"'.' 

nephrectomy 

pyelolitliotomy 

pyelolitliotomy 


c net us 
msrti 
SrOSTM 
, Ol'SlY 

Xo 

No 


1930 Bt. pyc^<’'‘^'’‘’^‘’'I 

1931 Bt. nephrectomy v- 

rapsula rl — — - 
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It IS most im 2 ^o)tant to hca) in mind that none of these peitients had any 
clinical evidence of liver disease Undei these cucumstaiices ■^^e belle^e the 
figures, slio^Miig such a laige peicentage ot these patients linMiig a high pei 
centage of dje letention, to be lathei signifitaiit 

Data Pei taming to the Histoiy of Calculi in lJusc Patients — All of the 
indniduals studied in tins nnestigation ha^e oi ha\e had icnal oi uieteial cal 
cull The details concerning then calculi histon aie shouii in Table IV This 
table slio\\s (1) age, (2) se\, (3) uhethei oi not the patient has calculus at the 
piesent time, and (4) if piescnt, its location (5) picMoiis operations leiial oi 
ureteral, if aiij , (G) Mhethei oi not calculus passed spontaneous!} An anahsis 
of these patients shous the following V\eiage ige 18 plus, 19 males, 20 
females, 21 ha^e calculi at the piesent turn located a‘' folhms 4 in the light 
ladne}, 7 in the left lvldne^ 2 bilatoial lenal cakuh 4 in the iiglit luetei, 3 in 
the left ureter, 1 in the left kld^e^ and light uutei 

Tuenh si\ ha^e had lenal oi iiieteral suig*i\ uliii-h indiided 4 jnelo 
lithotomies, one iiephiolitliotoiu\ , 7 uieteiolithotnniies 7 nephrectomies, 4 
pielolithotomies and neplnectoinies, one had 2 p\ eiolitliotoinies , one liad 2 
PA elolithotomies and a nephiectonn , one had a (\stotom\ 2 uieteiolithot- 
omies and a nephiectoniA Fifteen haAc passed cnkuli spontaiieoush 

The ease numbers in tins table coiiespond to tJie same case iiunibeis 
shoAvn in Tables T, 11, and III 

Studies fo) Vitamin A Deficiency — Of this gioup of 39 patients, 34 weie 
studied for Mtamiii A defieieiicA' Thiit} tuo ^ACle found dcfitient and 2 AAeie 
normal The studies foi Aitanuii A dcfieiencA ueie made b> means of tlie dnih 
adaptation test, using the Feldman Adaptonietei The method and instiument 
haAe been deseiibed in lecent Iitoiatuie"* ® We used tins iiiethod as it is held 
to be tlie most reliable and also the most scientific yudhm ^ in a leeent nitiele, 
states that tins method is the most satisfacton 

The fact that 94 pei cent of the tested gioup sl)OA\ed Mtamin A deficieucs 
IS \er} significant idien ecmipaied to the obsenations made h\ ilnoie and 
Elhsons The} aiialAzed tlie amount of ■vitamin A coiiceiitiation m the Iners 
of 1 000 adults that came to autopsA The lowest couceiitiations -vacid found 
m those patients ulio died of kidney and bladdci infections 

SU'VlArARl 

1 Studies ot the liiei function iieie made on ‘19 nidnidiials ulio ha,e oi 
haie liad lenal or nieteial talcnli 

2 Tile bioinsulplialein test uas used to deteiniine tiie In el finietion 

2 In group 1 (gncii 5 mg pci Kg, tliiiti minute specimen, iioiifasting) 
50 pel cent shoued letcntioii of the clje, langing fiom 14 pel cent to GO per cent 
In gioup 2 (gnen 5 mg pel kg, tlinti minute speeiiiieii, fasting) 90 pei 
feat shoued retention of tlie dj e, laiiging fiom 13 pel rent to 40 pei cent 
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4. Thirty-four patients in this group ivere studied for vitamin A df- 
ficiency and 32 (94 per cent) showed a deficiency. 

5. The findings in this investigation lead us to believe tliat there is a clo^e 
relationship between liver dj^sfuuetion, vitamin A deficiency, and renal lithia- 
sis. This should open up a new av'enue to the approach of the problem of the 
pathogenesis of renal calculi, and we believe this should stimulate further 
investigations along this line. 

I '. L- I .'.i i'lanks to Dr. John T. Bauer, Director of the Clinical Laborafery 

of the ancl his associate. Dr. William Wolff, for their cooperati® r. 

making i; ■ . ■ . 
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ELECTROCARDIOGEAPIIIC CHANGES FOLLOWING TIIE 
INTRAVENOUS ADJIINISTRATION OP MAGNESIUJI SULFATE* 


II. An Experimental Study on Dogs 


T. R. Van Dellen, B.S., M.D., and J. Roscoe JIiller, iI.S., N.D.. 

Chicago, III. 


I N A previous stud}'^ it was shown by means of electrocardiogiap 'O 
that magnesium, when iujected intravenously, has a definite _ fol- 

cardiac conduction system. This effect consisted of an early don- 

lowed by slowhig, with delay in the anriculoveiitricular and ten oc 
duction time and increased excursion of all complexes. This e 
permanent. . ^ ^jirect 

Continued study seemed indicated to determine whether tins jui] 

effect upon the conductive system and what part, if any, the vagR® 
in the result. , canh^''' 


Di Maeco- was of the opinion that the action of magnesium 


activity was dependent on vagal effect. His conclusions weie 
pressure readings. He further observed that the effect was mos } 
when atropine was given after magnesium had been injected. 

* . Sclioot 

•Prom the Department of Sledicine, Northwestern Univeraitj 
Received for publication, November 4, 193S. 
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METHODS 

As in previous experiments^ the iinanesthetizecl dog was placed on the 
left side and electrodes attached to the right front and left rear legs. Elee- 
trocardiograms were made on a string galvanometer tj’pe machine. Both 
magnesium and atropine were injected into the right saphenous vein. 


A 


! 


I 


! 

0 



Fie, 


1 



1. — Doe B (14 kg.). A, Normal graph. 

Injection of lO c.c. of a 20 per 


B. After Injection of atropine sulfate, 
cent solution of magnesium sulfate. 


C, After 


RESULTS 

^^periment 1 . — In an attempt to determine the effect of atropine alone, 3 
dogs were injected with small, so-called stimulating closes, 0.01 mg. per kg., 
•Hid then large paralyzing doses, 0.2 mg. per kg.“ Electrocardiograms were 
Jtiade dui’ing injection and at intervals for tliree hours afterward The results 
were .similar to those described by Halsey ,■* the changes in rate being the most 

significant. 

Biperiment 1?.— Three dogs were given a large dose of atropine sulfate 
(0.2 mg. per kg. body weight). The solution was of such concentration that 
1 c.c. contained 0.4 mg. of atropine. Immediately following injection, one 
<'og was given 10 c.c. of a 20 per cent solution of magnesium sulfate, while the 
other two were given 20 c.c. of the same solution Tlie magnesium sulfate in 
these experiments was injected intravenously at the rate of 2 c.c. per minute. 
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^’HE J0URN.1i. of WBoRATORr .Nn 
TJie effect was t) 

jii the luiatropiiiiz 

^«ag«esiuB,. pronounced with the inorcased do..e< 



i: 

Ip 

I •« 


Fie. 2 .-_Dos- V (10.7 Icff.)? 7 V ^^^==^i~rrT:ri:=^,..yT:.^J.~ 

of nias-nesium sulfate so‘wtiln**”V> ai'atera] vagotomv. C, After 

„ . "'■«er injection of atropine suUate. 

J^’otir hours later, wheiT anesthetized and the vagi were seelioneii. 

gi’ain showed no ehan<re apparently complete, an elcctrocardio- 

e.vcept that tlie rate w '7^” compared with one made previous to opewa™' 
solution of magnesium '^cn cubic centimeters of a 20 per ew* 

made during and .after the Injected intravenously and reeonh 

The result (Fj... 91 

tioned vagi. Tji^ p..?> • . to that obtaiiied in nniinaJs ivhJi 

nitei'val was increased from 0.09 to 0.14 sceoiri. ^^4 
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the QRS complex from 0 04 to 0 08 bccoiul A laige dose of ati opine, 0 2 
perhg, ^\as then given, with no denioiistiable lesiilts 

SUAIMARV 

These experiments indicate that the efteet of magnesium upon the cardiac 
conductive system is not eential but diiect 
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LABORATORY METHODS 

SODIUM PEEKOCYANIDE EXCRETION IN THE ESTBIATIOX OF 

RENAL FUNCTION*' 

AIilton Plotz, XI. D., F.A,C,P., and XIargarethe Eothenberger, JI.D, 

Brooklyn, N. Y. 


With the Technicae Assistance of Edgar Ferguson, and 
XHctor Ginsburg, XI.D. 


T he use of sodium ferroej'anide in estimating renal function was fist 
posed by Stieglitz and Kniglit* in 1934. The present study was imderla'™ 
on the wards of the Long Island College Division of tlie Kings Conntj l o 
pital as part of a project for estimating the clinical value of hicinej fuattw 
tests. Two-hour phenolsulfonphthalein, fractional phenolsulfonphtlialdi'/ 
eentration tests, urea clearances, detailed analyses of the blood, uuMr.' ^ 
clinical data ivere done in combinations of three or more of tliese on eac i 
and in most eases aU the tests were performed. This report w'ill be 
onl.y ivith the results obtained with sodium ferroc 3 'anide; other detai s o 
project ivill be reported in detail elsewhere. 

Stieglitz and Knight,^ on the basis of experimental work done 
proposed that their test be considered essentiallj" as a measure o 
merular filtration. X^an Slj'ke, Hiller, and XCller^ found additional evij 
suppox't the vieiv of Gersh and Stieglitz^ that, in the dog 'fc:! 

sodium ferrocyauide excretion is a time measure of glomerular 
these conclusions cannot be carried over to man is indicated J ^ 
XX^'inkler,* whose data suggest that, in contrast to the situation m j.,, 

per cent of the ferroe^mnide exci-eted by the human glomerulus 
the tubule. Of course, this finding does not mean that sodium eiro 
without value as a renal function testj it means onlj" that, in anj case, 
be accepted onlj' as a test of glomerular function. 

Method . — Tlie method of Stieglitz and Knight^ was followed in 
was oecasionallj" supplemented a modification in titration supP^'"' 

added accuraej' in determining the end point. The drug, anlipilf''"' 

by the Abbott laboratories in ampoules containing 0,25 gm. o ic 

•From Kftiffs County Hospital, Long Island College Division, the medic 
Tasker Howard and Dr. Carl H. Greene. . , -^veinbauw ri-' 

Tills study was made possible by a generous grant from tlie Ha 

Won- V T„,..no rnllege of 

Clinical studies in renal function No. 4 from the hoog Island 

Keceived for publication, July 29, 1938. 
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Slit, i\as dissohed in 10 c c of steiilc distilled water In some cases, in oidei 
to compare the urea clearance and the fenocianidc test, the two were lun 
simultaneouslj The mine was collected at fifteen, thirtj, sl\t^, and one him 
dred tiienti minutes It was found that mine passed dining the thud lioiu 
_ iisiiallj eontained iciy little fellOC^anldc, and the collection of a one hundied 
w eight) minute specimen was abandoned The titiatiou was done twice, fiist. 
With 0 4 pel cent coppei sulfate, as suggested b\ Sticglitz and Knight, and 
again, as a chceh, with 0 1 pci cent coppei sulfate Tlic lattei modification was 
^ suggested by the finding that, when using a small sample, it is difficult to get 
an accurate reading with the amount of 0 4 pci cent copper sulfate used A 
quicker and simplci method of titiation was used as a supplement m some of 
'^tlie latei cases Standaids were set up contauiing tlie maximum and minimum 
expected peiecntages of fciiocjanido (diluting fiom a weighed standard) in 
about ten steps To 10 c c of these standard solutions w as added 1 c c of 
05 pel cent feme ehloiidc This was lepcafod witli the unknown These 
standards will keep foi scxcral da 5 s, the coloi oompaiison is casih made and 
corrected foi tiubidit) as in the standaid phonolsulfonphthalem procedure 

RESULTS 

^ A Normals — Sexent} eight xoung adults on tlie medical waids weie caie 
full) selected foi then freedom fiom anj signs of kidncx nisufficicnej Slost 
^ of them, weie suffeiing fiom peptic itlcei oi aithntis although theic was an 
occasional diug addict oi diabetic In 17 cases, the feiiocianide test indicated 
■■ markedl) diminished renal function In all of these patients excietion of 
phenolsulfonphtlialein, urea cloaiance, and mine conccntiation tests were pei 
fectly normal In othei woids, thcie was a 22 pci cent crroi with fenoej anidc 
In the same senes there xvas a 14 pci cent eiroi with the two hour phenol 
sulfonphthalem test In oiilj one case did both the plienolsulfonphthalein and 
pj the ferroejanide excretions indicate diminished icnal function in the same pa 
tient In this case, a lepetition of the phenolsiilfonphthalein test gaxe noimal 
figures, this was not true for fciiocjamdc The thiitx minute phenolsulfon 
phthalein test was in error in onlj 8 per cent of these noimals and, in all but 
'one case, normal figures xverc obtained xvhen the test was icpoated At this 
I I point it should be emphasized that exerj test foi kidnex function noxv in com 
1 nion clinical use maj occasional!) gixe an crioncous pictuic in noimal patients 
, and later shoxx noimal function xxhen lepeated under somexxhat diffeiont con 
thtions or at another time of the day It is xvell to beai this point in mind be 
fore concluding, on the exidcnce of a single uniepeated test, that a patient is 
suffering from impaired renal function 

j B Knotaii Kzdney Disease — ^Theie xveic 19 patients xiith knoxin kidne) 
disease in xvhom the mea cleaiance xvas definitclv diminished and in whom 
there x\as unmistakable clinical exidenee of nepbutis oi nephrosclerosis In txxo 
these theic xxas noimal ferroejamde excietion exen xxhen the test xvas re 
^ Peated In one patient theic was a subacute licmoiihagic nephritis with a blood 
pressure at icst of 150/95, hematuiia, and a low urea cleaiance The excretion 
of ferrooanide and phenolsulfonphtlialein (both thiit) minutes and two hours) 
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were witliin normal limits. In the second patient, one of advanced nopliru- 
sclerosis, urine concentration tests, urea clearance, plienolsiilfonphilialein, ami 
blood urea agreed, but there was normal ferroc.yanide excretion. In tiiis c.iy; 
it appears that the ferroc.yanide test gave a definitely erroneous impression; tk 
fii’st case is more difficult to interpret. On tlie whole, we felt that the urea 
clearance gave the most accurate picture of the ease. The siibsciiuent coiu'sccl 
the patient could not be followed, so it is impossible to state whether or ibI 
she went on to more advanced impairment of renal function. 

C. Hypertension . — Stieglitz and Knight analyzed a series of 11 cases oi 
hypertension, with adequate cardiac efficiency and no urinary evidence of kidnei 
injury. Thej' found that the ferrocyanide excretion was diminished more often 
and moi'e markedly than that of phenolsulfonphthalein. This they took as eu- 
deuce of the greater sensitivit.v of the ferrocyanide test to changes in the "I®' 
merular circulation, which was to be expected in view of the predoininaiitl' 
glomerular excretion of ferrocyanide and the tubular excretion of phono ui- 
fonphthaleiir. We investigated a series of 27 similar cases. Fifteen had nornn^ 
renal function tests; the ferroe.yanide excretion was below normal in 12, if®- 
considerabl.y reduced in 3. Phenolsulfonphthalein was reduced to a nine 
smaller degree and in onl.y 7 cases, all of which had lowered ferroejani 
tion. The urea clearance was diminished in only S of the 27 patients. 
results, although not based on enough cases to draw any . 

seem to confirm the opinion of Stieglitz and Knight that ferroc.\ani 
is diminished earlier in hypertension than other tests of renal function. 
should not, on the basis of these results, hasten to assume without ^ 
dence that glomerular inefficiency is the cause of the hypertension m i 


which show renal function impairment. pjj 

D. Heart Kai7w-c.— There were 21 eases of cardiac 
teen showed moderate to severe renal involvement, as shown b.v t 
te.st. All of these showed improvement as the cardiac failuie 

Reactions . — There were 251 injections in 145 patients. patient?- 

there were reactions, 6 per cent of all injections, 9.6 per ws? 

Where there was a reaction, the injection was never repeated. 
no reaction to the fii'st injection, there was no reaction to 
7 patients there was nausea or vomiting; in 6 there were wea j-jaction 

or syncope; one had an anuria lasting eight hours. The mos jc 
occurred in the nonnal control group. The patient developec a 
M'hich continued for three hours, after which the urine vas no 


respect. 

CONCLUSION.S . . 

1. The sodium ferroc.vanide test was performed 251 times on 

2. It was not so reliable as the fractional Pl'^uolsiilfonphthajin 

urea clearance test in revealing normal renal function in a (on | fiincfif'’’ 

3. It was slightly lc.ss reliable in revealing impairment of m >' ■' 

in renal disease. j., mace in k'-F'' 

4. It was somewhat more .sensitive in detecting earl.\ lei * 

tension than otlier function tests. 
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V Dr\icr 101 Mr\M\o rnrciriTiN nr actions 847 

5 Reactions occmied in 9 G pei cent of cases None ncie fatal oi peima 

nent 

6 Foi lontine use, the test has no adcantage o\ei tlie fi.ictional plieiiol 
sulfonphthalein oi mca eleaifniico 
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A DEVICE rOR VIEWING PKE( IPITIK REACTIONS* 


Elizmjfth K\nne, JIA \ndJ\nctR AIcC \KTE n, Ph D 
JIvonoN Wis 


pRECIPiTIN leactiotiij have usually boon iea<l against a window bai with 
simligfht illumination, oi against a bickgiound of black cloth uith an 
electric light Undei these conditions leadings b} the same indnidual on 
the same antigen antibody system ha\e \aiied considenbly Mith the intensity 
of the sunlight, and e^on iitidci appaiontK sxmilai conditions leadings by 
tno persons ha\e laiied slightly Readings foi imgs oi tuibidity haAC been 
consistent vheu made vith the use of the lighting bo\ designed for ns by 
W R Kaune, and ilUistiated in Fig 1 Although other deMces^ have 
Ijeen suggested, this one possesses featiucs of simplicity m both construction 
'>ntl equipment It has also been found satisfactoiy foi leading Kahn tests 
The pnncipal featuic of the box is that no diiect light fiom the source 
of illumination can leach the eje The angle at nhich the tubes aie viencd 
defined by two hoi izontal slits such that the background is a sti ip of black 
4ehet just belon the giound glass diffusing scieen The scattered light from 
1^0 pieeipitate is ina\muini, since the angle of scatteiiug is small Direct 
^ofiections aic avoided bi painting the slit and lack flat black (no linseed oil 
or laiiiish) and hiding the bottoms of the tubes btlow the second blit This 
Pwinits the tests to be lead v\ith vciy little evcstiain Constant conditions 
yo ob tained by being cntnelv independent of dajlight and by placing the 

Depaitmcnt of VsricuUiiril BActerioIo£r> College of AprlcuUure UnUersili 

Found'^lVA supported in part bj a ffrant from the VViscon^sln Alumni Be'scarch 

^ vpej'iTncnt s?'\f ^ Published wltli the permission of the Dliector of the VI iscon<»ln Agricultural 

Recehecl for publicxtion June 2" 1338 
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tubes at some standard distance from the eye and from the light. A GO 
bulb appears to pro^’•ide sufficient illumination, although the box is \s\k 
enough (10 inches) to take a 200 watt lamp. 



Mi'dsecf-ion V/cu) 

tilt 

A smooth bed on which the tube rack could be slid into ^ bargtf 

side instead of lowering it from the top would improve the ],e med 

racks and partitions with slits enlarged downward would peinn i 
also for agglutination and hemolysin tests. 

EEFEBENCE ^ Vppar.tf- 

1. NickoUs, L. C., and Thomas, John C.: An Improved Precipitation 
Brit. J. Ex-per. Path. 18: 55, 1937. 



A NEW BLOOD CULTURE MEDIA APPARATUS* 


PrTru N vm vcz, Eldridge, C \lip 


T he success of making blood cultme media is dependent diiectly upon the 
steiilitj that can be maintained dining the transfer ot blood to the media 
Vcij often during this tiansfei the media become contaminated, since the 
blood must be added belou 50° C This aitielc and diagiam deseiibe a neii 



method uliicli eliminates contamination to a gieat extent It is mexpensne, 
casih const! noted, and \erj ucll suited to a small laboiatoii This method 
>ms been used in the laboiatorj of the Sonoma State Ilome foi the past two 
'eais uith less than 1 pci cent contaminations The piniciple is lieic outlined 

’Prom the Bacteriological Laboratorj Sonoma State Home El Iridgc 
ReccKed for publication Juli 27, 193S 


8-19 
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Into a 1,000 c.c. suction flask, place 500 c.c. of bullion together with a«r,r, 
stopper with a two-hole rubber stopper. In one hole place a 300° C, theriiioni- 
eter; in the second hole place a glass tube bent at right angles so that it iMchti 
1 inch above the media. The other end has a rubber tube 8 indies long fitted 
M'ith a No. 9 gauge needle. Glass tube D can be placed somewhere near ncdle. 
Clamp rubber tube. Place a small test tube over needle to insure sterility st 
all times. 

On the suction tip place a rubber tube 4 inches long, with a glass tiik ])tiv 
truding and clamp in the middle. The entire apparatus, together with the iiicdh 
is now ready to be autoelai’ed. 

After the media have cooled to a proper degree, a Bunsen burner is licld our 
glass tip A, and clamp B is opened to admit sterile air, after which the Wood is 
to be added. 

Remove test tube covering sterile needle and make vein or lieart pinietiirc. 
When clamp C is released, the blood enters the flask and is mi.ved with the media. 
Wlien a suitable mi.vture is obtained, clamp as before and remove nihkr tuk 
from suction tip. Prom this tip, tubing or the pouring of plates can he ac- 
complished very successfully with the media being sterile at all times, lo ®- 
sui’c greater sterility, an aleoliol lamp can be held over glass tube B during t ic 
pouring of media. 


A ]\IBTHOD FOR THE DETERMINATION OP ERYTHROCYTE FRA- 
GILITY. USING VAN ALLEN HEMATOCRIT TUBBS FOR THE 
MEASUREAIENT OP CHANGES IN VOLU3IE OP TUB 
CELLS IN HYPOTONIC SALT SOLUTIONS^ 


George M. Guest, M.D., and Mary AVing, M.S. 
Cincinnati, Ohio 


T 


HE procedure here described is designed to facilitate the 
swelling of erythroevtes in hypotonic salt solutions, making 


, ineasuremeiif of 

tliis ineasur«'®'’| 
red Wood 


practicable in clinical studies of osmotic resistance or fragility o i 
cells. The method is fairly rapid and requires only a small amouu o 
Apparatus . — Either the original form of A^an Allen (192o) 
or the modified form recently desci'ibed (Guest, 1938), providing ]2 

volume adjustment of the blood sample, can be used. In most ins (.t 

to 16 tubes should he used, Init this number can be increase oi Ijjmatocrif 
suit the needs of individual experiments. For centrifugation o ^ 

tubes we have used the International centrifuges, Tjqie SB, >>os. ] 

the original type of A"an Allen tubes we liave used for the mos p* 
centrifuge, with the 8-place head carrying Babcock test meta with 

Babcock test cups are fitted irith wooden cylinders drilled peipcn ^ ^ 

•From the ChiWren'p Hoiipital Research Foundation and the Department 
University of Cincinnati. 

Received for publication. August 2, 193S. 
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4 lioles, each hole laig:c enough to accommodate the stem of the Van Allen tube 
■with its scaling clip Altcinatuch , these Van Allen tubes can be earned in the 
No 1 centiifugc m 10 ml centnfuge tuln holdcis ^\lth the S place head and 
3 place tiunnion caiiieis Toi the modified Van Allen tube (lonser and some 
i\hat less stnrd\ ) i\e use the 15 ec oeiiti ifiigc lube holdei, this holdei being deep 
enough to snppoit the hematociit tube well above the bulb These aic placed in 
the No 2 centnfuge with the 8 pl.ace htad and 3 place tninnion caineis, thus, 
24 tubes can be centnfuged at once if luedod 

Solutions — Salt solutions of diffemit concontiations (indicated in Table I) 
arc picpaicd In dehvcnng fiom a Imiette diftdoiit amounts ot a 5 pci cent stock 
solution of sodium chlondc C P into200cc volumetrif tlasks These nic diluted 
to volume with distilled watci and tiansfnud to tighth stoppeied Pvrex hot 
ties Such solutions, if kept in a lofiigeiatoi will uniain nnclmnged for several 
months At the time of use, necdtcl amounts ot (hist solutions aie tiansfened 
to a senes of small vials into wliub tiu Vin Alim tubes ( in be dipped foi dilnt 
mg the blood samples 

Blood Samples — Ihtliei defilninatnl oi luinnniztd blood can lie used but 
oxalate, citrate, and fluondc anticoagulants should be avoided because of their 
effects upon the osmotic ecpulibnum of the cells I) tlit blood is diawn bj vein 
puiictiuc, both needle and svnngc should lie div Best icsnlts aie obtained 
\vliere the volume of colls in the sample is above 30 pei (cnt AVhcie the volume 
of cells in a given blood is low, the sample should bo contntngcd ]nst sufiicientlv 
to throw down the cells, pnit of the plasma diawn off to bring the volume of cells 
well above 30 per cent, and the cells then icsusjicndcd in the icniaining plasma — 
A glass bead being added to aid the mixing of the cells and plasma In some 
instances it maj be desuablc to use a suspension of rod blood cells, freed of then 
plasma, in 0 9 pei cent sodium chlondc solution (see Discussion) To obtain 
this, the blood sample is centnfuged, the plasma drawn off completch, and the 
cells are suspended in an appioxiniatelv equal volume of the salt solution One 
half to 1 c c of eithei whole blood oi such a cell suspension will easih suffice 

Ptoccduie — The manner of using both the original and the modified Van 
Allen hematocrit tubes is desciibcd nioic fuliv elsevvheie (Guest 193S) In 
nsing the ongmal tvpe of tube, blood is diawn into the stem up to the 100 maik 
In using the modified tube, blood is diawn into the measuring stem until the 
eapillaiv tube is completch filled AVitli cithci tiilie, the tip is then wiped and 
the blood drawn up slighth into the bulb, the appiopnate salt solution is drawn 
into the bulb until it is iieaih filled— Icav ing a small an bubble to facilitate 
niiMng of the cell suspension— and the spiing clip sealing device is fitted ovei 
the graduated stem The dilution with 0 9 pei cent sodium chloride in the first 
tube of the senes should bo made m duplicate oi tiiplicatc, since the cell volume 
tlctoimmcd in the fust tnhe will be used as a basis foi compaiison of the values 
determined in the othei tubes Toi the subsequent dilutions, onlv snmlc tubes 
need be used The successive steps in the changing concentiations of the salt 
‘^elutions used m the senes, dcci easing bv 0 1 to 0 025 per cent, can be chosen to 
fit the needs of mdnidua/ expenments The denements in the concentiations 
should be small tluoughont the langc where hemolvsis occuis, and in the tubes 
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jvisl before the first trace of hemolysis becomes visible. This, of couree, ran be 
anticipated ])cttcr when making repeat examinations of the blood of an individual 
sub.iect. The filled tubes are left resting on llieir sides (a wire test tube rack 
turjied on its .side is eonvonienl) for one to two hours at I’oom temperature. The; 
are then centrifuged until the cells arc packed to constant volume. In the 
centrifuges designated al)ovc, a speed of 2,500 to 3,000 r.p.m. for fifteen mimte 
is easily suffieient. 


1 O o O O • O 



PllT. 1. — Hcnioly.'ils itml cliunco.s In voUtiiie of 
Ob«orvat(ons on throe coniiftfons chiirnctorizod b.v (tifforont fnisuam.fl or - .j,. 

1 , normal (rcprojcntinR tiie vnliiO". ihlod In Table 1 ) ; raniillal liomol.vtic ictcnis, an ■ 
roblasttc anemia (Cooley's anemia). 


of rod blood roll.s In •o'PatonIc salt 
,y dilToront frasnitlM.pf the %nih. 


Nafaiioii of A’esulis . — After centrifugation, the degree of hemolysis (oris 
absence) in each tube is read from the color of tlic supernatant fluid ui 
and recorded by suitable sj'inbols from zero, a li'aco, etc, to complete hcmo jsm 
according to the usual practice in other methods for defenniniiig fragihb o 
red blood cells. The height of the column of packed cells in eacli tiue 
from the graduations on the stem and recorded as shown in Table I. 
for the volume of cells in the several tubas are then divided by that o 
tube and multiplied l)y 100, in order to convert the readings to 
the volume of tlio cells in 0.9 per cent sodium chloride. For graphic 
tion, the latter values arc plotted as illustrated in Fig. 1, and the 
hemolysis at each point in tlic series is indicated by suitable symhosaeio 
top of the chart. 


DISCUSSION 

The values listed in Table I, obtained according to (jg. 

sample of normal human blood, illustrate the method of notation g{ 

scribed. Pig. 1 illustrates observations which have been made pjc 

blood from sub.iects with conditions chai'actcrizcd by different fragi 
red blood cells : 1, normal (curve No. 1 represents the example gben in 
2, familial hemolytic icterus; 3, ei-ythi'oblastic anemia ® tjiat is 

cells of the patient with hemolytic icterus showed the increased gi-ythro- 

eharactevistic of this condition, whereas the cells of the Pf 
blastic anemia showed an increased resistance to liemol.vsis by re- 

salt solutions. Further studies of these and other types of hloa ® ' 
ported in later communications. 
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Tvble I 

Notation of Results Hepapinized Nopmu. Human Blood Diluted in Van Allen 
Hematocpit Tubes Vitii Solutions op Sodium Ciiiopidi of Diffepent 
COVCFNTP ATIONS 


TUBE NO 

Nad 

rrr cent 

VOILME ( 

TEVDINOS 

PFP CFNT 

IP CEI LS 

PErCBNTVOE OP 

NO 1 

HEMOLYSIS 

1 

0 900 

3<> t 

100 

0 

2 

0 800 

42 « 

107 

0 

3 

0 700 

45-' 

114 

0 

4 

0 GOO 

49 4 

12j 

0 

5 

0 550 

S'* 1 

134 

0 

G 

0 500 

58 7 

148 

0 

7 

0 475 

612 

155 

0 

8 

0 450 

63 9 

IGl 


9 

0 425 

59 3 

150 

+ 

10 

0 400 

3S8 

98 

+ + 

11 

0 375 

112 

28 

+ + + 

12 

0 350 

20 

5 

+ + + 

13 

0 325 

00 

0 

Complete 


The points on the eunes represent the \oliimes of cells in the sc\eral salt 
solutions in percentage of their initial volume m 0 9 per cent sodium chloride so 
lution The curves first use with swelling of all the cells up to the point uherc the 
first trace of hemoljsis appears, and then fall when the loss of cells by hemoljsis 
c\cceds the inci eases in volume of the unhcmoljzed cells A gcnerallj ac 
cepted Meu of hcmoljsis is that the indmdual erjthrocjtc obe>s the all or none 
lau , 1 e , ^\hen a cell is hemolyzed, all the Iiemoglobin escapes at once Since the 
cells in anj gnen sample do not all beha\e alike, the curves have vanablj 
rounded peaks and more or less gradual downward slopes Thus, the shape of 
each curve indicates the relative tendencies of tlie cells in the given blood sample 
to disintegrate m salt solutions of different concentrations 

AVhile this procedure is intended to serve most purposes of clinical studv, 
details of the method can be changed easily to suit the needs of investigations of 
special problems concerning erythrocj te fragility Solutions of other salts and 
silt mixtures, or of nonelectrolytes, can be used Instead of the sodium chloiide 
solutions of graded tonicities usually cmplojed in cell fragility tests, Wiseman 
(1932) has recommended the use of hjpotonic solutions prepared by diluting 
plasma, drawm from the cells to be tested with distilled v\ater The compaiison 
of the fragility of cells in such hypotonic serum solutions with their fragility in 
simple salt solutions should be instructive, inasmuch as the blood plasma maj 
contain substances which affect the osmotic resistance of the erythrocytes eithei 
favoring or inhibiting hemoljsis With maiked jaundice the color of the supei 
natant fluid maj obscuie the readings of the fiist traces of hemolysis In such 
eases it maj bo advisable to get iid of the plasma in the manner desciibed under 
preparation of the blood sample, and to woik vvith a suspension of the cells in 
salt solution It is to be noted, howevci, that the behavior of cells washed one oi 
^ere times with salt solution maj differ from that of unwaslied cells 

SUVniVBY 

A method for detei mining led blood cell fiagilitj in hvpotonic sodium 
^kloudo solutions is desciibed, wherein Van Allen hematocrit tubes aie emploved 
to measure changes in volume of the erythrocytes in each solution used m the 
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hemolytic Kories. The volumes attained by the cells in increasingly hypotonic 
solutions are expressed in percentage of their initial volume, and recorded 
graphically. Hemoly.sis also is read in the .same tubes, and the points of begin- 
ning and complete hemoly.sis recorded according to usual practice. 
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A JrORi: RAPID iAEDTHOD OP GUINDA PIG INOCULATION TOR 
THD DIAGNOSIS OP TUBDRCULOSIS*' 


Carrif I "WooLsri M A , Chic vco Ii l 


F ORMLR methods of guinea pig inoculation foi the diagnosis of tubeiculosis 
ha^e the follo^\Jng unsatisfactoi\ tactois tlu kiigtli ot time befoie a lepoit 
ma} be e\pectcd, the possilile death of the guinea pig due to the piesence m the 
CMidite of pathogenic bacteria othei than tuboi<h bacilli the possibilit\ of the 
oceurience of a tubcieulous uiiinea pig liom contiminatid siuroundmgs 

Since lesults obtained b\ the intiacutantous injtclion of guinea pigs ivith 
tuheiculous exudates iccenth icpoited In Hiirolil and Woolse^^ tend to o\er 
come these defects in the old pioeediuos the mtiacutaiieous method has been 
adopted in the lahoiatoij at CooK Counti Hospital and ^^as used m the studies 
included in this lepoit 

MI THOD or PROt I- Dl RI 

Aftoi shuMug a small atca on the side ot the abdomen of a guinea pig, 04 
ce of the infectuc matciial is injected intracutaneousl\ Within so^cn to 
tivent^ one dais, oi in unusual cases latei a nodule appeals at the site of the 
injection, Mhieh aieragos about 2 mm m diametci The nodule is incised and 
snieais aic examined foi tlie jncscncc ot acid fast bacilli Each guinea pig is 
obseiied e\cri Meek and a notation made indicating its condition on eaeli 
date If tMo MeclvS pass between examinations, a closed nodule maj become 
ciaterliKo and consequeuth nioic easih and defuutolj pioied positue How- 
ciei, the eailicr diagnosis would be missed l)j the delai It should be noted, the 
c^^h smeai maj demand a reasonable peiiod of seaich to find the organisms 
In an occasional case, the thud or fouith examination of tlie pustule mai he 
neoessaM befoie the oigauisms are found As soon as the inguinal hniph nodes 
I'Cie foimed on the side of the injection, the guinea pig mai be killed, and an 
‘uitopsi peifoimed to leiiii thecaili icpoit 

One guinea pig mai be giien moie than one injection of tlic suspected fluid 
colloeted at laiious inteiials hut can be diagnosed and icpoited indiMdualh 
In a similai mannei two exudates fiom dilfcient sources of a gi\en patient mai 
injected on opposite sides of a guinea pig, and each mai be diagnosed and 
reported scpaiateh 

The following icpoits aic illustiatne of some of the adiantages of the 
nitracutaneous injection of guinea pigs 

A G— Sinnnl fluid of puncture December 14 reported positwo in fourteen dni^ 

Spin'll fluid of puncture December 15 reported po^itiie m tiienti one d'i\« 

•From the Dep-xitinent of Patliolofc\ nml Bactcilolopj Cook CoUntj Ho«»plta1 Chlcigo 
Rccehed for publication August 3 1^‘iS 
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Both processes developed on the same pig indcpendeiitl.v of each otiier. BegioBal 
adenopatlij’ with deep hard nodules in the groin developed in tlirce and five weeks, respectirelj. 
At five weeks tlic guinea pig was killed, and (he autopsy revealed findings tjpical of tuherea 
losis. 

The diagnosis iiad been reached in fourteen days. 

D. S. — Jlarch 1, spinal fluid was received and cultured on IlerroM egg yolk agat 
mcdiura.Si 3 

Jfareh 11, colonie.s of aeid-fa.st bacilli were rcporlcd recovered from the cultwe. 

Jfarch 11, a second spinal fluid was received and injected into a guinea pig. Oa 
tlic opposite side of the .'^anic pig, O.d c.c. of a suspension of tiie Hcnoll 
culture growth was injected. 

March 22, a nodule produced by the su.opcnsion was reported positive for tuteck 
bacilli. 

March 30, the .“^ccond spinal fluid was reported positive after nineteen days. 

Eegional adenopatiiy developed on both sides, and the sub.'cquent autopsy findings st 
five weeks were typical of tuberculosis. 

In this way a culture may be readily verified. 

J. W. — On January 20, specimens of spinal fluid and pleural fluid were injected on op- 
posite sides of a guinea pig. 

The spinal fluid was reported positive in twenty-three day.', but the site of thepkatfl 
fluid injection remained negative throughout. Autopsy findings after three months 
regional adenopatiiy only on the left side, where the spinal fluid had been injected, an gio 
oralized tuberculosis. 


R. S. — Pleural fluid was reported positive in six days. 

Pericardial fluid was reported positive in twenty day.*. 

Autopsy at four weeks revealed regional adenopathy on both sides and genera 
tuberculosis. _ 

Urine from botli kidneys of a patient has frequently been injected info oppo--de 
a guinea pig to ascertain if one or both organs are involved. 

E.xeepting sputa, .secondary invaders in the e.xndates have not kiUe^ 
pigs or interfered with the development of tuberculous lesions ^ 
injection when given intraeulaneously. A small abscess soon dev e ops in 
eases from which SiapliDlococcus awais, hemolyzing streptococci, anc 
among others have been isolated. Occasionally, acid-fast bacilli hat e 
even in this early abscess, but more often it heals over readily an is 
by the later nodule from which only the acid-fast bacilli are reeotcie 
Untreated sputa injected into the guinea pigs inti’acutanconsl} 
proved to contain tubercle bacilli in two weeks, although the direct 
of the sputum had failed to demonstrate them. Oecasionalb ot lei 
the sputum will kill the guinea pig, but if i?.' fnsiformis is and 

numbers, the anaerobe will buiTow through the deep layers o |jgj.eulosis 
eventually the guinea pig will have to he Icilled before the question o 


is settled. 


Since the initial lesion is localized, a diagnosis may bo made e ^ 
out an autopsy of the guinea pig. Such a localized initial 
quent regional adenopathy is the proof of a positive injected anima ^ 

In the total number of 173 guinea pigs included in this during 

Ijacilli were recovered 72 times ; or in 40 per cent of the exu a es s 
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this peiiod They represent 27 diffeient human exudates that were suspected 
of containing tubeicle bacilli 

The average time foi a positive diagnosis was twenty dajs, langing from 
six to thirtj one days 

Twenty five pei cent of the positives weie so lepoited within fomteen dajs 
Of the 173 guinea pigs of the senes 4 died of unlvnown cause, 1 on the 
sixth daj, 2 on the eighth, and 1 on the twelfth dav lespcetivelj , and autopsies 
icvcalcd nothing suggestive of tubeiculosis One was hilled because of infection 
witlii? fusifotmis 

The first 36 guinea pigs repoited negative were hilled after six to eight 
weeks and autopsies weie performed They weic in excellent condition and the 
autopsies revealed nothing suggestive of tubeiculosis therefoie, the subsequent 
60 negative guinea pigs of the senes weie hept is bleeding stock since the injec 
lion had not i etarded them in am w aj 

suvm vRX 

The avciage time for the diagnosis of the tubeiciiloiis exudates by means 
of the intiacutancous injection of guinea pigs is tluee weeks in comparison with 
the six to eight weeks required by the old subcut iiieoiis loute 

Of the 173 guinea pigs injected in this senes onl> 5 died before the presence 
or absence of tubercle bacilli lu the fluid could be determined 

Since the diagnosis is made fiom the initial lesion and substantiated bj 
regional adenopathy and autopsj, there is little chance of a spontaneonslj in 
footed guinea pig not being recognized as such 

Those guinea pigs that remain negative for six weeks maj be kept as breed 
mg stock 
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A SIMPLE jrETHOD FOR THE ASPIRATION OF BONE JIAEROIV 


Maurice AIorrisox, M.D., and A. A. Saji wick, B.S., M.D. 
Bkookia'x, N. y. 


T he study of tile licniatoeytolo'ry of tlic bone marrow has become so 
necessary in the dia'^rnosis of diseases of the hemopoietic system that a 
method for the aspiration of the marrow of tlie sternum must be simple, ade- 
quate, and devoid of danger. Furthermore, it must he one which aliens 
repeated studies Avith tlie least amount of trauma. 

Autopsy formed the only source of material for the study of the hone 
marrow until Ghediui (190S)' trephined and scraped the tibia of patients 
for diagnosis. Seyfarth (1922)= suggested the .sternum as the site forbiops; 
since it was safe and the marrorv rvas active. [Modifications of the original 
technique have been presented.^ hut the customary use of the trephine pre- 
vented its universal application. 

The examination of the bone marrow by mere a.spiration of its contents, 
Avhich Avas devised by Pianesc as early as 1903,^ and neglected because i 
did not supply material for the .study of sections, Avas rcA’ivcd by un 
(1929).= With the slight modifications sugge.sted by Sonneiifeld,® Mjeft, 
Baserga,* and Reich'’ this method has since been Av'dciy used in many cimo*- 
The method that is pre.sentcd here is as simple to do as lumbar- 
puncture. It entails no greater psychic or physical trauma to j 

than either of these procedures. It consists of the use of a specia s 
needle,! 18 gauge, 2 inches in length, the jioint of Avhich is so bevcle 
left side is slightly higher than the right (Fig. 3). It is just as 
to use local anesthesia, as it Avould be to resort to the latter for 
In more than 250 a.spirations'* avc Iuia'c had no instance in vhici 
tient has been unduly annoyed by this procedure. 

Procedure. — 1. The instrument tray bearing the folloAving is P 
of sight of the patient : (a) a 5 c.c. syringe (to draAv up bone maiioAi) 
aspiration needle; (c) a hemostal; (d) iodine, alcohol, stick sponges, an 
tOAvels. _ . 55 

2. The region about the angle of Louis (sternomanubrial 
prepared Avith iodine and alcohol; the .surrounding region is ci*"’ 

2 sterile toAvels and general asepsis is observed. , jjif 

3. The point of entrance at the midpoint of the sternum jimi 
angle of Louis (Fig. 2) is then localized. vdi'b'i'i' 

4. With the needle betAveen the thumb and index finger in or 

fashion, at a point about one-half inch from the end, so that i s 

’ ^ Laboratorif-' 

*From the Division of Hematologj' of tiie Departments of Medicine 
of the Jewish Hospital of Brooklyn. 

Received for publication. Augrust 12, 1938. . 

tNeedle made by Becton, Dickinson and Co., No. -184 NT. (FlS. 1- 

858 



MORRISON SAJHMCK METHOD TOR VSPIR iTION Ol BONE M \RROM 


859 


base lests smigly m the palm of the hand (Fig 4), the skm is pieiced almost 
perpendicularly and the peiiostemn is enteicd 

5 Donmvard piessiuc is exeited, tuining the needle in screndinei 
fashion 

6 In an eldeily patient a sudden ^*gne” is telt, indicating that the 
bone maiioiv caMtj has been eiiteied In younger inclnidinls the “gne” 
IS not readily appaient and one must desist fioni peisisteiit piessme and 
ivoik slowlj and caiefully, tmiiing the luedle fiom side to side and aspiiating 
occasionally 



7 The needle is not depiessed at this stage to aioid bieakage 

8 The obtuiatoi is ienio\ed, and the 5 ec syimge is attached A minimum 
amount of bone marrou (usnalH 1 to 3 diops) is uithdrawn to aioid exces 
sive dilution with peiiplieral blood 

9 On clean piepared slides thin sineais of the mairon aie made At the 

same time smears of peripheial blood aie piepared and all aie stained by the 
usual methods These ma> be studied uitli as much precision as oidinary 
blood smears ' 

Advantages of This Method— I It can be used In all cases because it 
nimimizes mental and physical trauma 

2 It can be oft lepeated 

3 The needle cannot break uiidei oidinai\ circumstances but if it should, 
It uoiilcl onh break at the junction of the base uith the needle, and can easily 
be iemo\ed uith a Iiemostat 

4 The highei left edge piodnces a “gouging of the bone “ so that en 
tiance into the bone is smooth 

5 The scieudinei motion avoids the “stiaight push method uhich is 
fiaiiglit mth dangei and faaois bieaking of the needle 

G AA^hen difficnlt\ in obtaining postinoitem examinations is anticipated, 
bone marrow smears can be made in the pieagonal state 
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Disadvantages of Other Methods.— 1. Usually other methods are too elabo- 
rate and cumbersome and frighten the patient. 

2. Local anesthesia adds further risk M'ith attendant discomfort. Some- 
times the patient may Inn-e an idio.syncra.sy to novocain. 

3. Move involved procedures do not yield more infonnation/* and, in 
addition written consent is usually required. 

4. The “pu.sh method” involves great ri.sk wliether the needle is con- 
trolled by one or two hands. 

Aspiration of the bone marrow is usele.ss in the hands of one who is unable 
to identif3’' the cells and interpret the findings. 
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A COMPARATIVE STUD\ OP CERTAIN METHODS OP 
MEASURING BLOOD PRESSURE’’ 


Joseph B Cadi, MD, and J F Herrick, PhD, Rochester, Minn 


' I *HE staiulaicl metliod of ineasiiiing the niedii aiteiial blood piessuie in the 
dog IS by a duect eommunieatioii beMieeii a caiiiiiilated blood \essel and 
a meieuij manometei The niinibei of times that one can thus ineasiiie the 
blood pressuie in the same intact dog is liimtcd to the number of aiteries 
available because the eaniiiilated aitei 3 has to be ligated at the end of each 
experiment Another niipoitaiit objection to the standaid metliod is that true 
pulse pressures cannot be obtained The ausciiltatoij method has been used 
bj seteial investigatois foi obseiviiig pulse piessuies In our expeiience, 
however, this auscultatoij method has not been eiitiielj satisfactoiy The 
systolic piessures are aluajs lowei and the diastolic piessuies definitely higher 
than those obtained bj otliei methods If one is iiiteiested in differences of 
pressure only, the auscultatoiy method may be adequate 

The “liypodeimio” manometei developed bt Hamilton Biewer and Brot 
Bian lias pioved to be a most satisfacton method foi measuring blood pres 
suie It has been used in this laboratoiy foi tinee tears To those inesperi 
eneed with the method, however, the values appeal too high, and it was be 
cause of tins criticism that these comparative studies of the leliabihty of the 
instrument vveie made preparatory to ceitam studies of diffeiential piessure, 
"Inch will be reported latei We have endeavored to cheek the hypodermic 
manometei against the mercniy manometei (1) by coinpaiison with mean 
piessures obtained by tlie standard method, using a hypodeimic needle instead 
of a cannula (the liypodeimie needle ofteis the nccessaiy constiiction for 
damping the oscillations, thus peiiiiittiiig legistiation of the tine mean blood 
pressuie), and (2) by compaiison with systolic and diastolic piessuies obtained 
by auscultation 

The mam poition of onr investigation has been concerned not so much 
With absolute basal piessuies as with the diffeieuce in pressuie between the 
carotid and femoial aiteiies The present study is, theicfoie, not intended to 
present values for the “noimal” blood piessure of dogs, hut only to check 
the reliability of the apparatus We did not take the piecautions which others 
iiave taken to nisuie the lowest possible piessuies, such as maintaining abso 
lute quiet and a soft bed for the animals, withholding food and admiuisteiing 
morphine For oui piuposes all that was essential was that the animals be 
sufficiently trained to lie quietly on the table and submit without struggling 
to direct arterial punctuie We have found that morplime alone will often 

•From the Majo Foun(!ation Ilochcster Minn 
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reduce tlie femoral blood pressure from 30 to 15 ])er cent. In addition ne 
have found that, by more strict adherence to tiie aforementioned precautions, 
we can obtain figures with the JJamilton manometer wliicli approach those 
publislied by otlier workers. 

The Hamilton optical manometer has been devised to record blood pres- 
sure bj' direct puncture of the arteries of trained, unanestlietized animals. It 
has been constructed to conform to the requirements for accurate nieasuremest 
set forth by physicists and jihysiologists. namely; the ]>ossession of a mem- 
brane of sufficient sensitivity and liigli frequency, in a .system which is other- 
wise practically nonc.xjiansile. In our experience, under the conditions men- 
tioned, this manometer has recorded figures wiiich are consistently and con- 
siderably liigher than those which liave been quoted in the literature. Thus, 
in the ease of one dog whose femoral blood pressure has been recorded fifteen 
times during the past year, the .systolic and diastolic variations have been 110 
to 215 and 86 to 11-f mm. of mercury, respectively (average 196/99). The 
average of 8.3 observations on 2-1 dogs whose blood pressure was similarly 
recorded was 201 mm. systolic and 107 mm. diastolic. We would like to re- 
emphasize the fact, however, that fliesc figures are not to be taken as basal 
femoral pressures. 

METHODS 

To compare the mean pressures a 20 gauge needle was inserted into one 
of the femoral arteries of an unanesthetized dog and connected by rubber 
tubing to tile usual type of U-tube mercury manometer. At tlie same time a 
second 20 gauge needle, connected by lead tubing with the Hamilton inanom^ 
eter, was imserted into the contralateral femoral artery. A series of so'aia 
readings of the mean pressure was made and recorded from the ineicuh 
manometer at the same time that a series of pulse pressure tracings naspio 
graphically recorded from the optical manometer. The mean 
calculated from the latter tracings by graphic integration of the pn ^ 
sure emwes wdth a planimcter, since it has been repeatedly demonstia e( 
the mean pressure is tlie integrated rather than the arithmetic 
systolic and diastolic pressures. In some series of observations, laua i 
pressure were produced by injections of histamine inti’avenouslj. 

Further observations were made to compare the direct and 
of recording sy.stolic and diastolic blood pre.ssure. For this Pa^e) 

raatie cuff was constructed (after the manner described Tliis 

which Avas 5 by 1-i cm. in size and incased in a cloth cuff 35 cm- 
cuff ivas wrapped snugly about the animal’s leg in such a gliest 

loiver border covered a small portion of a 2 cm. Bowles type stet 
piece w'hich was attached to the shaven skin over the posteuoi ^jgstolk 
above the ankle by means of an adhesive paste. The sj stolic au^ 
pressures ivere read and recorded fi’oin a mercury Bainnanome a 

time an assistant photographically recorded the femoral pu se jeg. 

Hamilton manometer connected with the femoral ai’teiy of t w»s 

A series of such simultaneous observations (about thirty secon 
made on each animal. 
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Table I 

Bilatefal Artefial Blood Pressures REcorpED Simuitvneousla With the Hvmilton 
Optipal Mvnovetet 


AFTEFIES 

OBSERtATION 

1 S\STOLIC (MM HO) 

DIASTOLIC 

(MM IIG) 

RTOUT 

LEFT 

I lOIIT 

lEFT 

lemonl 

1 

227 

220 

lOS ; 

111 


2 

23 » 

234 

112 

115 

Fenioril 

1 

204 

202 

100 

103 


2 

209 

207 

108 

105 

Femoril 

1 

193 

189 

103 

90 

Fomonl 

1 

19S 

19$ 

122 

125 

Feraonl 

1 

183 

180 

SS 

90 

C irotid 

1 

170 

179 

125 

326 


2 

171 

175 

121 

12'' 



173 

178 

127 

129 

Brichml 

1 

140 

i s 

109 

108 


2 

142 

140 

115 

114 


RESULTS 

To clemoiistiate the splngmic equalit\ of the coiiesponcling ^essels on the 
two sides of the dog, obsenations ncie simultaiieoush lecoided as shonn in 
Table I From these data \\e feel safe m asMimmg that nndei normal condi- 
tions, the t^^o femoial aiteiies ha\e the same blood pxessuie A comparison 
of the mean piessuies obtained b\ the methods destnbed is lecoided in Table 
II In oiu senes of obseixations the gieatest difteience between anj two 
simultaneouslj lecoided figiiies was 10 mm of meicim and the a^elage dif- 
ference was 2 nun , theie was no appaieiit consisteucx about which method 
ga\e the higher ^alues Had the mean piessures been deteimined in the usual 
iiiannei, that is, bj taking half the sum of the sxstohc and diastolic \alues, 
the a^eiage for the senes would ha^e been 153 mm of melcu^^, 30 per cent 
higher than the figure obtained with the meitnn manometer 


Table II 

A COMPAFISON 01 OBSEnATlONS 01 MF\N BlOOD PRESSURF IS DFTEFMIRED WITH THE 
HXmiiton Optical Malomitei and Tiir Mepcira Manometer 



injection of histnmine 
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Table Ilf show.s a eoinjiarison of the systolic and diastolic pressures re. 
corded optically from the femoral artery and sinuiltaiieonsly observed by aas- 
cultatiou over the contralateral posterior tibial artery. We have sofarfounil 
it impossible to obtain readinfrs by the amsenltatory inetliod that will coapre 
closely with those recorded by the liypodermie manometer. Using the optica! 
instrument on human subjects, Hamilton and his associates found that the 
systolic valno.s were 3 to 4 mm. higher and the diastolic about 9 nrai. lower 
than the figures obtained aimnltaneously by the usual clinical method. By 
the methods which wo have used on dogs, we have, in most instauce-s, been 
unable to find a correlation as close as this, 'fins has been true whether we 
used the dor.saiis pedis artery (as recommended by Freeman and Page) or 
the posterior tibial artery, and regardless of the width of the cuft' or the size 
of the .stethoscope bell. Our closest figures liave been seeurod when larger 
dogs with relatively larger ve.ssels were used and when the posterior tihial 
artery above the ankle was employed. 
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A ('oMp.viasos or tiik ].vmi:i;eT (Auscui.tatouv) akp Diukct (II.\Jm.To.v JlAxoMn®) 
jMrriions or Estimatixo AnTEuiAi, Blood Puessuiu; 


OnSEtlV.VTION 

SYSTOLIC (MM. HG) 


wimcT 

INDirxCT 
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2 
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1 

0 
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•> 

0 

4 

5 

1 

0 

3 

1 
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3 
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2.30 
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IOC. 
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15S 
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104 

100 

100 

100 

ini 

102 

115 

114 

05 

102 

05 

101 

102 

or. 

so 

90 

00 

97 

03 

99 

iU3 

110 

lOS 

124 

120 

120 

112 

NO 

114 

110 

.02 

ss 

90 

SS 

118 

124 

^ J20 


The generally' accepted clinical procedure in ascertaining t le 
blood pressure is to note the point in the descent of the column o 
at which the tone of the sounds changes and begins to fade--tie ‘ 


the so-ealled fourth phase. This was found to give values 


considerably 

closer 
of the 


than those recorded optically', and it was discovered that a m 
diastolic correlation resulted when tlie point of total jH). 

sounds was used (see the next to the last series of observations m 

It is possible tliat our figures may sliow a closer levels 

ent from the table. The systolic pressure is known to vary at c i m 
of the vascular tree. Hamilton and his associates found the gg 

dorsalis pedis artery to exceed that in the femoral artery in j,j {he 

of mercury. On the other hand, Dawson found that tho femoral 

saphenous arter'v in 2 dogs to be 30 per cent lower than t anH 


artery'. We have recorded the pressure simultaneously m 
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opposite posteiioi tibinl arteiies the Hamilton method in 3 dogs and found 
the femoral pressiue to be defimtelj lughei (10 to 15 mm) From such a 
small number of obscivations it is obMoiislj impossible to diaw conclusions 
Houe\er, the data of pie^ious uoikeis and ouiselvcs indicate that one may 
not be justified in assuming that the systolic piessuie in the posteiioi tibial 
artery is the same (within the limits of experimental eiior) as that in the 
femoral artery 

An observation ■which wa believe to be significant and which was made 
repeatedly showed that the act of inserting a needle foi diiect measurements 
of arterial pressure does not apparentlj inciease the aiterial piessure in the 
trained unanesthetized dog This obsci\ation has been made bj taking control 
auscultatory readings befoie the needle was inseited into the aiterj of the 
opposite leg, with the almost constant findinp that subsequent leadings are 
not appreciablj elc'\afed abo%e the contiol leatlings 

SUM MARI AND CONCIUSIONS 

A sph^gmic equalitj exists between the two femoial aiteiies of the dog 
There is a satisfactory coiielation between the iiitegiatcd mean blood 
pressme, recorded with the Hamilton hypodeimic mnnometei, and the mean 
pressure, read fiom a standard nieicuiy manometei 

The values for the systolic and diastolic blood piessuies obseived over tbe 
posterioi tibial aitciy by the auscultatoiy method did not agiee with those 
for the opposite femoral aitery recorded by the hypodcimic manometei 
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KOSE BENGAL EXCKETIOX AND IIIPPURIC ACID SYNTHESIS 
TESTS OF LIVER FUNCTION: A COMPARISON* 


W. P. Stowi;, NI.D., Sax Fuaxcisco, C'Ai.ir. 


TN RECENT year.s nmncrous tests of liver function have been devised and 
advocated. In the sliorf series of pi'oved cases licrc presented several of 
these tests have been tried. In none of them did the galacto.se tolerance test 
prove positive, nor were icteric index and bilirubin finding.s parallel to tie 
severity ol the liver damage as sliown at operation or antop.sy, >Sennn Takata- 
Ara findings became jiositive at serum albumin-globulin ratios of 2:1 or less, 
as did also increased average diameters of tlie red blood cells above G.Sroicra, 
by the lialometer method applied to dried smears. 

Our present interest is, liowever, centered around two of the simplest and 
apparently most accurate of the liver function tests. 

1 ^ 

The rose bengal excretion test is that rc])ortcd by Delprnt and Stowe. ’ 
Details may be obtained from articles (juoted, or from the eighth edition of 
Todd and Sanford.^ Photelonietric methods of reading the teat are alsoa^ail• 
able in publications of Giordano and Kager^ and of Stowe and Dclprat. 
Both teehnicpies are eom])letoly do.seribed in the I’cccut revision of /Ipproif 
Lahoraiorij Tcdmic by Kolmcr.'' Briefly, the test is carried out by injcchn. 
intravenously 10 c.c. of ] per cent solution of rose bengal in saline; waitio? 


two minutes for blood stream mixing, and removing and oxalafnig a 


sample 


of blood. Six minutes later a second blood sample is removed and o.valate< 
Colorimeter comparison of jrlasma from the two samples shows a 50 
decrease of rose bengal in the second as compared to the first, proUdiiiD 1 
liver is noi-mal. Greater degrees of retention in the blood stream ai® P 
portional to decreased liver function. 

The hippuric acid synthesis test of Quick’ is caiwied out by 
patient 6 gm. of sodium benzoate with a light breakfast. The ® 
hours’ urine is saved, acidified slightly with acetic acid, evaporated to 
if neee.ssaiw, and, when cool, further acidified to Congo red with fidl 
hydrochloric acid. After this it is stirred vigorou-sly until preeipita i 
hippuric acid occurs, and allowed to stand seveiml hours; the 
filtered off through a Biicliner funnel, dried, and weighed. ^ for 
of the crystals thus obtained is added 0.33 gm. per 100 c.c. of 
hippuric acid still dissolved in this filtrate. The total figni’c is 
plied by 0.68 to convert to benzoic acid in terms of which it 2101 ®®! 

fonr-hour excretion of 2.5 gm. to 3.5 gm. as benzoic acid indma e 

•Prom tlie St. Luke’s Ho.spitul, San Franci.sco. 
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Inei synthesis Rccluction below 2 5 gju, jii the pieseiice of lelatnelj uoimal 
kidne} function, is CMclence of Inei damage 

Se-\eii cases aie piesented in Table I All diagnoses except that foi 
patient 1, weie pio\ed at opeiation oi diitops\ Uie cailj slight biliai> en 
iliosis ill patient 7 was shown b\ biopsj at opeiation subsequent to the last 
lose beiigal repoited The diagnosis m patient 1 was based on histori, positne 
Wasserniaini findings, piompt icsponse to tieatinent, and a latei follow up of 
appaientl} peifeet health aftei a jeai^ ticatmeiit In the table the lose 
beiigal function is icpoited in peicentage of noiinal Inei function, in column 
two, hippinic acid excieted ni foiu horns as giains ot benzoic In column 
thiee, foi pui poses of compaiison with the lose bengal hippuiic acid exere 
tion IS figured as peicentage ot noimal using 2 "> gin as iioimal output In all 
except patient 7 the snnilaiih of findings of these two simple tests is obiious 
111 this last patient, in new of the quite lapid letiirn of lose bengal to normal 
undei glucose theiapi, the luppuiic acid test pioied the inoie accurate from 
the standpoint of peimaiient Inci cell damage 


Table I 


rXTlENT ' 




nipruRic \ciD 

PrO\ED UINCNOSIS 

PI NOTION 

EXCRETION 

FI NCTION 



Pcj (tnt 

Gm 

Per tent 

1 A 

SjpluUtic cirrhosis 

1 

0 0 

' 35 


After 2 mo treatment 

77 

1 8 

72 

2 Mr V 

Carcinoma of head of pan 

DO 

28 

' 110 


creaa 



1 30 

3 Mr V 

Subacute hepatitis 

1 

0 7o 

4 Mrs P 1 

Nitrobcnzol poisoning 
“Cardiac cirrliosia * rheu 

1 

5o \ 

1 1 

44 

5 Mrs r 

matic heut, 14 ar dc 
compensated 




Atl\anced ciirhosis 

2o 

0 3 

12 

G Mrs I i 

Advanced cirrhosis 

20 1 

0 43 

' 17 

7 Mrs C j 

Stone in common duct, slight 

“0 j 

2 0o 

S2 


biharj cirrhosis 

Alter one month intrare 

1 00 j 

Isot repeated 

— 


nous glucose 





SUSfMARl A^D COlIiUENT 

liUei function xalues, as deteimmed bj two simple tests, aie compared in 
7 patients a\ith proaed diagnoses One (rose bengal) is a piuely secretorj test, 
die othei (Quick's Inppunc acid synthesis) is a metabolic test A striking 
P'n<allehsm of tliese tests to each ofhei and to the luei condition is shown In 
'Jew of the close agieement between the two tests it is suggested that the 
Jose bengal be used wlieie speed is of importance (one hour to complete, as 
eompaied to twelae lioiiis oi more foi liippuiic acid test) Also it should he 
wsed where kidiiej function is known to be iinpeued, since this nnpaiiment 
'diates the results ni Quick's test 'Wheie seaeie jaundice is present and in 
^'Jboiatoues a\heie appaiatus and leagents aie limited tlie test of Quick is 
leeliincallj the moie feasible and the one to be leconimended 
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A SUrPLE METHOD OF OBTAINING SPUTU3I POS 
PNEUMOCOCCUS TYPING*' 


Jack I?om, M,D., Detroit, Mich. 


I 


N INFANTS and young cliildrcn and in aeutely ill pneumonia patients wlio 
do not expectorate, it is frequently difficult or impossible to obtain sputi® 
for pneumococcus typing. The method of culturing direct pliarpgeal and 
laiyngeal swabs is frequently unsatisfactory, while stvabs by laryugoscopj 
hing suction by means of transthoracic pulmonary puncture are inetuo s n ^ 
applicable to general usage. For this reason we imve employed a me lo 
obtaining material for pneumococcus tj'ping, which wc believe is simphi 8'^ 
curate, and practical for use both in the ho.spital and in the home. 
the following : 20 to 50 e.c. Luer syringe (50 c.c. preferable) ; soft ru 


catheter (size dependent niion age of patient) ; small sputum 


bottle containing 


4 to 5 e.c. of stei’ile saline ; and small amount of sterile glycerin. 

The catheter is connoeted to the syringe, a small amount of 

ulaced on its tip, and the catheter is then passed through the uaies > 

, Tt i<; then passw 

the nasopharynx and thence downward to the oropharynx, ii- 
slowly down to the larynx. When the catheter reaches the lar.iux, t 
frequently coughs. The material in the vicinity of the laijnx -jj 
pharynx is then aspirated into the syringe by nreans of repeated 
iirsufficieut material is obtained, the catheter is withdrawn sligbf J 
aspiratiorr is repeated. After sufficient material has been secured, 
is -withdrawn, the sterile saline is drawn up into the syringe, and t le 
flushed out into the sputum bottle. . ^ spntnw 

This method was employed iu 72 cases of pneumonia in '' sufficient 
was not expectorated. It rvas possible by this method to o am^ g{,tainefi 
material for bacteriologic study hr all of the eases. The luateim 


♦From the Department of Aledicinc of Wayne 
Hospital. 
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was examined both bj the du ect Neiifeld method and b} mouse injection The 
results m these cases aie shown in Table I 

Table I 


C\SES 1 

PNECMOCOCCUS FOUXU AND 

1 Tl PFD 

NO INEIMOIOCCLS lOLND 

1 

TOTAL 

uniEci 

1 1 

MOl SE , 

NO OTin I 1 
OPGVMS&tS : 

OllIEl 1 

ore \Nis\is 1 

Adults 1 

10 

1 

1 

3 

29 

Cliildren j 

20 

•'S 

4 

1 

4d 

lot'll 1 

do 

(>d 

o 

1 

72 


1 1. 1 


1 



SUMil VR\ 

A method of aspiiatnit' sputum foi pneumotoccus t^ ping is desciibed The 
results obtained in 72 cases of pnemnonia indicate tliat tins method is appli 
cable 111 those cases in which sputum is not expectoiated 


A SIMPLE DEVICE FOR CHANGINO THE LIGHT INTENSITY 
IN THE XRAY ILLLMINATOR 


Edw \nD J V\N Liere, pH D MD wdDwidV Northlp PhD, 

i\[ORG\NTO\\N, M \ \ 


difficulties aie encounteied in using an oidinaij xla^ illuminator or 
Mew box in tiaeiiig teieoioeutgenogiams First the heat geneiated bj the 
electric light bulb is apt to injuie the film, often too tlie film becomes so warm 
that the hand winch is used foi tiacing cannot he allowed to lest on the film 
Second, it is not easi, if not impossible to legulate the niteiisitj of light 
transmitted thiough the film 

Both of these difficulties can be obMated b> tbe use of a simple and luex 
pensi\e device A foot iheostat, such as is used m operating an electric sew 
mg machine and as shown in Fig I, can be inserted in series with the electiic 
hght bulb in the x la'^ illuminator Simplj b\ piessing down the foot a wide 
laiige of light intensity is mstantlj available without the necessity of using 
the hands, so that the lattei maj be used foi tiacing the x ra^ silhouette 
Purthei, if the film becomes too warm tlie amount of light can be cut down 
so tliat the heat will not injnie the film oi become too hot for the hand The 
olcctnc light goes out autoinaticall\ when the foot is leleased, so tint the light 
Oiuiiiot he accidentalh left on and the film mined 

In making the suggestion that a rheostat he used to larj the intensity 
of the light tiansmitted, the authois appreciate that most of the modem new' 
boxes are equipped with meicim xapoi lamps It is obiious tliat the rheostat 

•From the Department of Phj slolo^ Mest XirginK Lni\erslt> Morg^intown 
deceived for publication Vugust 4 1938 
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could not be used in this type of view box; there are, Jiowever, still many ^iew 
boxes in use whicli are not so eciuipped. A criticism wliieli might be rakd 
is that dimming a filament bulb may add an element of red to the transmitted 
light; many i-oentgenologists object to this. It is felt that this latter criticisa 
is probably of no great importance if tlic rlieostat is used while tracing cardiac 
silhouettes. 



Figr. 1. 

fill 

The autlior.s feel then that such a device ns described is jigjit 

in tracing the outline of the heart. The change in the intensity 
often is of distinct help in tracing tlie apex, and the ability lo ijs^rely 
trol the amount of heat generated makes it possible to j^Qi-oentg®®’ 
carefully'. Not only', however, is the device nseful in h 

grams, but it is also of use in stud.ving the ordinai’y x-iay 
desirable to change the light intensity. 





A MANUAL OF NCUROIIISTOLOGIC lECHMQUU 


Oscu! A Turner, MD Nfw IIwen, Conn 

^Coahiintti from tht 4iJil i*\ue luiji 74'> ) 

Chapter V 
Staining Pat 

Some foim of lipoul stani is geneialh lequiied in an\ routine stuclj of 
the ner^ous s^steul These stains aie eas\ to do and give satistaetoij lesults, 
although theie is a t0lu1enc^ foi all ot them to fade m time Of necessity 
all aie done on fio/eii sections and all aie mounted in a medium eontammg 
no fat soheut 

Sudan III — This is a conunonh emplo\od stain ninth is applicable to all 
bpes of tissue 

1 Fio/eu sections at 20 imcions of foimalni fixed tissue aie 
Mashed tlioioughlj in distilled Matei Tissue embedded in gelatin ma^ 
be used 

2 Tiansfer sections to 70 pei cent alcohol and ollon to lemaiu 
foi one minute 

3 Stain in a satuiated solution of sudan III in lO pei cent 
alcohol foi about t\\eat\ minutes 

4 Rinse ill 70 pci cent alcohol 

5 Couiitei stain in heiuatoNj lin 

G ^Yash uell m tMO changes of distilled nater 

7 Diaw sections on a clean glass slide and mount in gelatin, 
Aiabic sugar oi gljceiin jelh 

The dioplets of fat aie coloied oiange oi oiange led and stand out fanh 
Mell from the light oiange badtgiound The cell nuclei aie stained, the 
depth of staining depending upon the t^pe of hematON^lul used and the time 
of stammg m it AVeigeit's hematoxylin is a «:atisfaetoi\ stain foi the nuclei 
and Delafield’s ma> be used also Mayeds hematoxylin gnes an excellent 
mieleai stain Iloyyeyei, if the tissue has been embedded in gelatin befoie 
-sectioning, it is neeessaiy to use EhilitlPs hematoxylin foi the nncleai stain 
The pieparatious aie best stoied ni the daiK 

Hcixhcimei’b Fat Stain (Sudan Seiiailach R, Seailet Red) —Tins 
’method, utilming a deiiyatiye of sudan III as a dje, has become yyidelj used 
and glees lesults y\hich aie supeiioi to the oldei sudan III inetliod 

1 Frozen sections of foimalm fixed tissue aie cut at about 20 
microns 
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2. The sections are placed in distilled water, 

3. Transfer to the fat stain made as follows: 

PiiK'c an oxcoss (J to 2 fin!.) of scavlet red dye in a aide- 
mouthed liottic. To this add the following ini.xturc: 

Absolute alenliol 70 c.c. 

10% sodium liydro.vide 20 c.c. 

Distilled water 30 c.c. 

Heat and place in the incubator at .IT' C. for one hour. Cool 
in running u-afer, and fdfer tlirougli three lliichncsses of coarse filter 
paper into a large watch glass cry.stal. Allow solution to stand lor 
twelve hours before using. It should not be wore than five to sk days 
old when used. 

4. Cover watch glass with a glass plate and heat vtntil the glass 
plate is sealed with the steam whieh arises. Allow to stand tweut}' 
inimites. 

5. Wash in two ehaitgcs of distilled water, allowing the seetious 
to remain in the last wash for about three hours. 

6. Shake in itaycr’s hematoxylin diUtted with water to about 50 
per cent of its original strength. Allow to remain overnight, if 
necessary. 

7. Wash in distilled water aiid then in tap water for two raimites. 

8. Draw sections o)i clean glass slides under water, dry with filki 
paper and monnl in glycerin .ielly. 

The fat is .seen as small and large globules wliich are stained 
The nuclei .stain blue and ai-e more di.stinet than in the Sudan III metho • 
method has the disadvantage of taking inoJ’e time to complete, but 
ai'c correspondingly better. However, Ilassin veconnnends placing t '® 
in about 20 e.e. of water to wliich 5 or 30 drops of Ehrlich’s 
been, added, and allowing them to remain only fifteen minutes. The u 
hematoxylin is necessary if the tissue lias been embedded 
sectioning. Otherwise, any licmatoxylin may be used. The criticism 
times been raised that heating the section.s tends to disperse oi 
fat globules. This will not take place if the beating is not cairicd to ^ 
Filtering tlie .staining solution before use helps prevent the j-afion. 

cipitates. The solution should always be kept covered to preient ei 
Nile Blue Sulfate Stain. — Occasionally one is interested in 
insight into the nature of the lipoidal substances contained in ^'^^jggpecife 
take the fat stain. Although it is obvious that no one single wet lo 
for any one type of lipoid and that a single fat globiile waj yajne 

different lipoid substances, the inetbod of Lorrain Smith has pro 
in histochemical investigations. The method is as follows: 

I 1 thoroii^^v 

1. Frozen sections o£ formalin-fixed tissue are was lec 

in distilled water. ^ aqueoas 

2. Seetious are placed for ten minutes in a satiuat 
solution of Nile bine sulfate. 
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3 Wash for t^\o to thiee miiiutt-s m distilled watei 

4 Mount in gbceiin jelh 

Fatt\ acids are stained bine Pilule iieiitial fats take a pink to led color 
Mixtures of these tuo substances aie purple oi some shade of pin pie, depend- 
ing: upon uhethei the neutial fats oi fath acids predominate Otliei hpoid 
bodies such as nnelin and lipochiome pifrmciits assume a blue coloi Nuclei 
aie stained daik blue and piotoplasm a ligrht blue The stain is not peimanent 
and fades in tno to thiee da^s Diffeientiation ma> be earned out in 1 per 
cent acetic acid if the staining is too deep 


Chapter VI 


Nonjietvlltc Girv Si mns 


With the icccnt additions to oiii knowledge of the interstitial cells of the 
iienous system, mam new seleetne staining methods ha\e been dexised to 
demonstrate these cells The diMsion heie into metallic and iionmetallic 
methods has been made solely foi tomemeiKc Ceitam methods lend them- 
sehes more lendih to tumor tissue and otheis moie to the stud^ of the degen 
erntne and iiiflamniaton diseases The special applications of each will be 
noted in the descriptions of the indnidual stains 

MaXlor\j*s Vliosphotxingstic Actd-IIcmufoxylin Stain — Tlio best results with 
this method aic obtained on paiaffin sections of Zenkei fixed tissue However, 
good lesults ina\ also be had fiom the use of foimalin fixed material which 
has been treated with Zenkei ’s fluid oi passed through tlie Weigert mordants 
as desciibed bj ICeiiiohan The stain is one of the simplest and most useful 
of the Iionmetallic methods foi the stiuh of glial tissue in tumors 


1 Paraffin sections of Zenkci fixed t ssue aie bi ought to watei 
and treated with Giam's iodine and h\po as usual to remote the mer 
euiic chloiide cl^stals 


2 Aftei washing thmoughl^, tiansfei sections to 0 25 pei cent 
potassium permanganate solution and allow to lemain foi from t■\\ent^ 
to thut) minutes 

3 Wash well in watei and tieat ni 5 per cent oxalic acid solution 
until the sections aie bleached white Thei should lemam heie at 
least ten minutes 


4 Wash thoioughh in sexeial changes of distilled water 

5 Stain in Jlallon ’s phosphotiingstic acid hematoxxlm solu- 
tion foi twentj foul to foitx eight horns Tlie stain is prepaied as 
follow s 


Hematein nniniomum 
Phosphotung'stic aci<l cr>stals 
tVnter 


0 1 gra 
2 0 gm 
100 0 cc 


Di^isohe the liennfein ammonium in n little i^itcr i\itli tlie nid 
of Iiest ana nlicn cool uld the remaining ingredients Kipen l.v the 
addition of 0 1 c c of lijdrogen peroxide or allon to npen «iontanpou«U 
for «ie\eral month** 
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6. Rinse in water. 

7. Deliydrate in 95 per cent aleoiiol, absolute alcohol, and clear 
in xylol, iloinit in balsam. 


Fibrin, fibroglia. neuroglia, and myoglia fibrils are stained blue while the 
intercellular connective tissue fibrils are .stained a pale reddish brown or re- 
main colorless. Collagen tends to take a reddish-pink color in most prepara- 
tions. The coarse elastic fibers sometimes assume a pale purplish-blue color. 
If after step 5 the sections are placed in a 10 to 20 per cent alcoholic solution 
of ferric chloride for one to three minutes followed by thorough washing in 
water, the intercellular connective tissue fibers are eompletel.v decolorW. 
and the blue-stained glial fibers a.ssume a somewhat deeper hue. The cell 
nuclei are blue, and the cytoplasm has a pale pink or brownish-pink color. 
Blepharoplasts may occasionally be stained a pale blue color. 


It is essential that the stain be well ripened. The best re.sults areobtaW 
when hematein ammonium is used and allowed to ripen spontaneously for su 
months to a year. Stain which has been allowed to stand for a year or more 
gives an intense color to the tissues. Hematoxylin may be used instead of 
hematein ammonium, but requires twice the amount of hydrogen peroxide to 
cause ripening. 

Formalin-fixed tissue may be employed. For this, Kernohan recofflni®<5s 
that the unembedded blocks of tissue be treated four days in TiTeigert spriMiy 
mordant, followed by txvo days in Weigert’s secondary mordant, after 
the tissue is embedded in paraffin, .sectioned and stained as usual, 
method may be employed on tissue already sectioned and mounted on e 
slides. The deparaffinized sections remain in the primaiy mordant 
txveh’-e hours, and in the secondary mordant fix'e to six hours. Care si 

i- ji - olLloc teairlv iiood u 


'fSUltS 

Ijeen fixed in 
for three days in 


be taken that the sections do not float off the glass slides. Fairl.x 
may be obtained also if small blocks of the tissue, which has 
formalin or deparaffinized sections, are allowed to I'emain foi ^ 
Zenker's fixative or 5 per cent potassium bichromate. K Zenker s 
used, the sections must be passed through iodine solution and 5 
to remove the mereurie chloride crystals. Origanum and otliei oi s 
stain to fade. When mounted in balsam and not exposed un a .' 
sunlight, the preparations are reasonably' permanent. 

This method finds its greatest use in the study' of tnmoi s, esp 

of 

the elastic fibers is usualh' not sufficient to cause difficulty in iu P 


gliomas. It should be noted that the method is not f of 

but also stains fibroglia and my'oglia as rvell. The degree 

ise difficulty 1 “ ' 

, Fibrillan, 


Bailey’s Ethyl Violet-Orange G Stain fo 


but 


rioff 

be 


method was originally' intended for use on Zenker-fixed can 

has described a preliminary treatment xvhereby' good {jsstio 

Illi-Uvorl Sp^iflOllS of PUI’affin CIU 


obtained on formalin-fixed material. Sections of par ^ 

placed in 50 c.c. of water to xvhich 10 drops of ammonia laxe 


dded 


The am 


iDionis 


allowed to remain for twenty'-four hours at room teropeiafmm^ 
is then washed out with a sloxv stream of running xvatei ° . foorliom*- 


CO hom^' 


and the sections are treated in Zenker's fluid for tivehe 


to tweuty-fo'J’^' 
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llies «nic then passed tiuougli Gianrs iodine and h,\po to iemo\e the ciAstals 
oi meieiuic Lhloiidc and the stain earned out as lutii tissue fixed ouginalh 
m ZeiiKei ^s solution The method is as follows 

1 Place foi tliiec da^s in a 3 pei cent solution of potassium 
biehi ornate 

2 Rinse in watci and transfei sections into a solution of etlnl 
\iolet oiaii^e G and allow to leinaiu foi twehe horns The stamina 
solution IS prepaied as follows 

Ethyl vjolet 1 0 rto 

Orange G 0 5 gm 

The dyes should be weighed nccurateh All 100 c c of distilled 
water and stir thoroughh Place m the iimilator at o7* C for twehe 
to twentj four hours for precipit ition to octur Dec mt tie supernatant 
fluid, and wasli the precipitate seicril tunes witli distilled water Place 
in the incubator to d^^ Make a saturated solution of the dried precipi 
tatc in absolute alcohol Use this as a stock solution For staining 
use 1 part of the stock «olution to 3 puts of 20 % ilcoliol 

3 Blot the sections and agitate quitkl> in anliMlious acetone 

4 Place 111 toluol foi two to thiee seconds 

5 Flood the slide witli pine oil ot clo\es 

6 Bifteieiitiate in a mixtuie of 3 paits ot oil ot c]o\es and 1 pait 
of 96 pel oent alcohol 

7 Rinse in pure oil of clo%es 

8 Pass sections thiougli se^eial changes of toluol and cleai in 
se\erat changes of xjlol Jlcunt m balsam 

The neuioglia fibeis appear dark \ioIet against an oiange backgiound 
The nuclei, dbiin, and eij tliroey tes are also stained llieie is shaip staining 
of the myoglia and fibiogUa, so that the method cannot be depended upon 
outside of the central nenous system 

In differentiation, after most of the toluol is w iped off the slide the section 
15 flooded with tlie pure oil of clones The slide is then agitated in the dif 
feieiitiatmg solution and tlie degiee of decolouration is conti oiled uiidei tlie 
itneroscope This should be carried to the point wheie the blood vessels 
stand out as orange imgs If the decolorization is too lapid, moie of the oil of 
doles may be added to the diffeientiating solution The affiniti of the tissues 
foi the dje lanes somewhat, the piotoplasmic neiuoglia of the coitex letani 
the stam stionglj 

If the tissue Ins been moidanted foi o^er a week preiions to staining 
there is dangei that the mjelin sheaths will take the stain Occibionally this 
Wat oeciii in old formalin fixed tissue 

It is impoitant that the staining solution be prepaied ca^efulh The 
dock solution, if tightU stoppeied, will keep indefiniteh This method lias 
gieatest use in tumoi work, and although experience is neeessan to obtain 
(lie best lesiilts the method is leliable and the prepaiatioiis aie excellent foi 
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pliotograplij*. The stain is not permanent ami tends to fade. It siioaiil not 
be exposed to direct sunlight or heat. 

Holzcr Gha-Fihcr Staiu . — With tliis method, frozen paraffin, or eelloidiii 
sections of formalin-fixed tissue may be used. Aleohol-fixed tissue may k 
used, but is not recommended. The method is particularly adapted to tk 
study of general neuropathologic material, although useful preparations of 
tumor tissue can be obtained. The method is one of the best for glia fibers. 

(a) Frozen Scciions. 

1. Place sections cut at 15 microns in 50 per cent alcohol and 
allow to remain for one to two )iouj’.s. 

2. Draw on slide covered Avith egg albumen-glycerin. Biol thy 
with filter paper. 

3. Wash three times with phospliomolybdic acid .solution : 


0.5% plio.sphomolytHlie acid, ,'iqucous 1 part 
0G% alcohol • 3 parts 

The individual components keep well, but the mixture should be pre- 
pared fresh. 

4. Blot three time.s Avilh filter paper soaked in the following 
alcohol-chloroform mixture : 

Absolute alcohol 2 c.c. 

Cliloroform S c.c. 

Prepare fresh. 

Firm loressure Avill prevent the sections from coming off the slides- 

5. Cover sections with this same alcohol-clilorofornt mixture uu 
til the sections clear. Do not alloAv drying to take place. 

6. Add crystal violet solution directly to the aboA'C. 


Crystal -siolet 1 

Absolute alcohol " c.c. 

Chloroform ® 

Filter. Solution keeps nell. 

7. Add quickly a 10 per cent solution (aqueous) of 
bromide drops until the green sheen which forms disappears, 
dry Avith filter paper. 

8. Differentiate in the folloAving solution: 


AniUne oil 
Chloroform 

1% aqueous acetic acid 
Filter, Prepare fresh before use. 


4 C.C. 

G c.c. 

1 drop 


'frhea 


It is necessary to control the difl'erentiation under the jjioub* 

the desired deeolorization is attained, flood the slide Avith xj 


in balsam. ^ pi-ocedsrr- 

It is necessary to work quite i-apidly throughout the clropp®'’ 

Because of this, it is convenient to keep tlie various reagents used 

bottles, pouring the solutions over the slides. Coplin 3 ais 
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because of the lapiditj uith Minch most ot the solutions e\apoiate “When 
examining the sections undei the miaoscope, uash out the diffeientiatmg 
solution Mith X'llol lest the decoloiization be earned too fai It maj be neces 
sai^ to lepeat the piocess se^enl times betoie the coiiect degiee of decolon- 
zation IS obtained 

(b) Paidffin Sections 

1 Place depaiaffinized sections foi tlnee minutes in the iollouing 


freshh prepaied niivtuie 

0 5% pliosplioiuoljbdic leid, nqueoua 10 c c 
96% 'ileoliol 20 cc 

2 Diain off the fluid and to-ici section with 

Absolute 'ilcohol 2 < c 

Chloroform See 

Prepare fresh 


3 AVliile still wet, eo^e^ with the following staining inixtuie and 
allow to lemam so foi thut\ seconds 

Crystal violet 
Absolute alcohol 
Chloroform 

Filter Tins «olutiott keeps well 

4 Replace dje with 10 per cent aqueous jiotassnnn biomide solu 
tion and wash in this same solution foi one minute 

5 Differentiate foi tlmtA seconds in 

Aniline oil ^ 

Chloroform 9 c c 

Ammonia, 2o% ^ drop 

Prepare fresh 

G Washinxjlol If the section is o\eistained, repeat diffeien 

tiation, eontiolliiig under the inicioscopo Jloiint in balsam after 
ivashiiig thoioughh in \jlol 
(c) CcUoidin Sections 

Befoie staining, celloidin sections should be allowed to lemaiii 
o\ennght in methal alcohol Diaw on to glass slides dnectlj from 
this and blot dra Place sections foi a shoit time in 50 pei cent 
alcohol, dij and pioceed as in the method outlined foi fiozen sec- 
tions Celloidiii sections maj also be mounted on glass slides before 
treatment with inetlnl alcohol A mixtiue of equal parts of absolute 
alcohol and ethei inaj be used also to lemoae the celloidm 

"With the frozen sections and the paiaffiii embedded tissue the background 
‘Should be piacticalh colorless AVhere celloidm sections haae been used the 
^>aekground is usualb coloied a light blue, but often not nnifoinih so Glial 
cells stain cleailj ^le fibers and nuclei are coloied a deep shade of blue, 


0 0 gm 
2 0 c c 
^ 0 c c 
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the depth of tlie staining depending upon the degree of deeolorization of ftc 
tissue. In eelloidin sections tliere may be a tendency for the perivascular 
connective tissue to take tlie dye sliglitly deeper tlian the background bu! 
never enough to interfere with the recognition of the glial fibers. Myelin 
sheaths, i*eticulum, axis cylinder, and ganglion cells are not staiued, Tbe 
best results are obtained on frozen and paraffin sections, and these shoukUe 
used in preference to eelloidin sections whenever po.ssible. 

Once started, the procedure must be carried through to completion. Pre- 
cipitates can be avoided by working rapidly and using fresh solutions wMcb 
are carefully filtered. With the exception of the dye and the potassium 
bromide solution, all solutions should be prepared fresh. 

Wai-kany’s modification, in which frozen sections are used, consists of 
placing the sections for one to two minutes in equal parts of 1 per cent pbos- 
phomolybdie acid and 95 per cent alcohol, washing in a mixture of 4 parts 
of chloroform and 1 part of 95 per cent alcohol and staining for a few seconds 
in a mixture of 8 c.e. chloroform, 0.5 gm. crystal violet and 2 e.c. 95 per cent 
alcohol. The sections are then washed in 95 per cent alcohol for a short time 
and differentiated in two changes of aniline oil. This method has the advan- 
tage of being simpler and less time-consuming than the original Holzer method, 
but gives results which are le.ss consistent. 

Ahhcimcr-Mann Siain for Neuroglia . — This stain, although primarily in 
tended for the study of neuroglia, is important in that it allows the stud} o 
both myelin sheaths and axis cylinders in the same preparation. The tissue 
should be fi.xed in Weigert’s glial (secondary) mordant for at least tuouee'S. 
Prolonged fixation has no ill effects. 

1. Wash the blocks of tissue for twelve to twenty-four horns to 
remove the excess copper. Shorter periods of washing, while no 
deleterious to the stain, will not completely remove the excess copper 
which may injure the edge of the microtome knife. 

2. Cut frozen sections at 10 to 35 microns. 

3. Mordant in a saturated aqueous solution of 

acid. The sections may remain in this solution for as long as ue 
hours, although one hour is usually enough. 

4. Wash quickly in two changes of distilled water. 

5. Place in I^Iann’s solution for one to two hours: 

1% aqueous methyl blue 
1% aqueous eosin 
Distilled water 


place quite 


6. Wash rapridly in distilled water. 

7. Differentiate in 96 per cent alcohol. This takes 
rapidly. The white matter should be bright red or ’ jjy 
gray matter a liglit blue. Tire differentiation can be con i 

tire color of the gray matter. . giid 

8. Rapidly dehydrate in absolute alcohol, clear in 
mount in balsam. 
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Noiiual itoelin sheaths are coloiless oi piiih, depeiuling upon the degiee 
ot deeoloiizatiou Degeneiatiiig injelm sheaths tend to assume a deepei shade 
and ma-\ stam blight icd Noimal axis cylinders stain a deep blue, -while 
degeiieiating a\is cjliudeis aie a bright led The cj toplasm of the glial cells 
IS a pale blue coloi, ^^hlle neiuogha fibeis take a daik blue stam Amoeboid 
glia \aij 111 coloi fiom a pale to deep blue and often sliou stained inclusion 
bodies Conneetne tissue stains a daik blue In the coitex the diliereiitmtion 
IS less deal , the nei\e cells take a daik blue coloi and show lelatneh little 
detail 

The method is of paiticulai lahie m stiidMiig spinal coid and peiiplieral 
nenes, espeeiallj foi the pathologic foiins of glia and the axis cjlindeis 
Malloij states that the change fioni blue to led stammg of the lattei takes 
place as earlj as foitj eight liouis after a lesion while degeneration as demon 
stiated bj the secoiidaij changes in the mi elm sheaths (Maiehi method) 
begin to appeal onl} aftei about seieii dajs 

Although the best lesults aie obtained upon tissue wliicli has been placed 
direeth into the glia moidant, foiinahii fixed tissue which lias been placed 
m the glia moulant and allowed to lemam two weeks mai also be used Aftei 
the frozen sections aie cut, the} raa} be stained at once or allowed to lemam 
overnight in the glia moidant Instead of utilizing a satin ated solution of 
phosphomol} bdic acid, 'Wertham allows the sections to lemain foi a half lioiu 
111 a 05 pei cent solution, aftei which the} aie transfeired to a 10 pei cent 
solution foi thiee to foui houis The sections should be handled with glass 
hooks and eaie sliouUl be taken that the} he flat in the \arious solutions 
Beautiful prepaiatious ma} be obtained b} using this metliod as a countei 
stain foi the Bielschowsk} siher method 

Chapter VII 
j\Ietaeltc Glia Stains 

Although many of the nonmetallic glia stains gne excellent pictiues of 
the ghal fibeis, few gne as clear cut and detailed staining of the cell bodies 
<'Jnd then piocesses as do the metallic impregnation methods Although prac 
tieally all of the original methods lequire special fixatnes, man} modifications 
make possible the use of formalin fixed tissue Onl} those lia-\ e been selected 
"Inch gi\e lelatnel} consistent lesults 

The tecliiiique of impregnating the inteistitial cells of the cential neivons 
*5} stem requiies certain care and attention to details which is not usuall\ 
tailed foi in the staining of othei tissues Altliough small \aiiations in timing 
tempeiature, and such will often be found necessary to attain the best lesults 
h} the indmdual worker, the techniques aie moie oi less standaid, and cei 
tarn factors must be followed closel} The glial cells are particulail} sus 
t^fiptible to post mortem change, and as such the tissue should be fixed as soon 
after death as possible All glassware must be chemieall} clean and washed 
m distilled water prior to use Unless otherwise indicated, distilled water is 
to be used for all solutions Sections should be handled with small glass rods 
At the best, metallic stains are apt to be rather capricious, reqiiiung patience 
and piaetice 
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Uajal’s Gold Suhlimule Method . — Tliis inetliocl originally calledfor tissue 
fixed in formalin-anunoniiini bromide. Many preliminary treatments for 
formalin-fixed tissue liave been described, so that at tlie present time c-xcelleiit 
results can be obtained on routine laboratory material, ilost of tliese pre- 
liminary treatments folloAv the Avork of Globus and depend upon the intro- 
duction of bromine in some form into the tissue. IIoAA'CA'er, good results can 
be obtained occasionally by the use of formalin-fi.xed tissue Avithout previous 
treatment, particularly if the ti.ssue has not been fixed in the formalin over 
tAvm days. The method is one of tlie simplest and one of the most useful for 
tumor tissue. Frozen sections, 20 to 30 microns, arc used. The method, Avitli- 
out preA'ious treatment of the ti.ssucs, is as folloAcs: 

1. AVa.sb sections in di.siilJed vratcr. 

2. Stain from four to eighteen hour-s (oA'eruight ii-siially) in the 
folloAviiig mixture; 


1% gold ciiloridc (acid brown) G c.c. 

1% mercuric ciiloridc 25 c.c. 

Distilled water 5 c.c. 

Prepare fresh before use. 

This is enough for G to 8 aA’erage-sized .scefiou.s. If the sections are 
particularly lai'ge, only 4 .should bo stained in this amount of solution. 

3. Wash in distilled AA'atcr. 

4. Fix for five to ten minutes in 5 per cent .sodium thiosulfate. 
The sections become quite flexible in this solution. 


5. Wash AA-ell in distilled Avater. 

G. Transfer to 50 per cent aleoliol. Mount on glass slides, Wot 
carefully but firmly, complete dehydimtion in tAco changes of absolute 
alcohol, clear in xylol, and mount in balsam. AVhen complete!} te 
hydrated the sections are clear AA'hen seen Avith transmitted light, 
appear almost opaque Avitli j’eflected light. They are purplish le 
reddish broAA’n in color. They do jjot fade. 


The microscopic picture depends considerably upon the depth of 
When the staining lias been intense, the glial cells, particular]} the as ro 

nrirtn-lt* donn r-ini-r,!/, +brt bofib-O-l-ormfl iS a laACuder 


appear deep purple to black, and the background is a laA’em 
reddish-purple color. The glial fibers are of the same purplish- 
With less intense staining tlie background is a light JaA'endei, a« 

Audual fibers and cell processes are more distinctly seen. bA faint!.'' 

a certain amount of nuclear detail is eA'ident Ganglion ext®' 

imiAregnated and the capillaries may be outlined by the peiiAc 


sions of the astrocytes AAdiich take the stain deeply. •"leraWf- 

The length of time required for complete staining one and 

When the sections haA'e assumed a purple color, it is best to ren j^^^,,poiver 
examine it under the microscope. In the AAmt preparation, AAut gfgijied 
lens of the microscope, the astrocytes should stand out as deep } s 
stars. The affinity for this stain x'aries AAuth different tissues, 
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sections should be ^\atched to pie'sent o\eistaiaing It is not necessaiy to 
keep the staniiiig solution iii the daik With tissue ^\hlch has been fixed in 
formalin, espeeiallj if the peiiod of fixation Ins been long theie is a tendencj 
towaid gianulai staining If the tissue Ins been in foimalm \eiy long, the 
astrocytes may become lefiactoiy to the gold 

The following pietieatinent has been suggested by Globus foi mateiial 
nhich has been haidened in foimalm It ma\ be used foi both the Cajal and 
Iloitega stains 

1 Fiozen sections at fiom 15 to 30 microns 

2 AYash quickly in se\eial changes of distilled nater 

3 Place in a 10 pei cent solution of stiong ammonium Indroxide 
for tuenty foui houis at loom tempciatuie oi foi foiu hours in an 
meubatoi 

4 Rinse rapidly in tuo clmnges of distilled Avater 

5 Place in a 10 pei cent solution of coneentiated (41 pei cent) 
hydrobromic acid foi two to fom houis 

6 "Wash lapidly in tw o changes of distilled aa ater to Avhicli a feAv 
drops of ammonium hy dioxide ha\e been added Pioceed AUth the 
Cayal or Hoitega stain as usual 

If sections are not to be stained at once they should be left in 2 per cent 
amraonium biomide to A\hich a feAA drops of neutial foimalm haAe been added 
Tissue Avhicii has been fixed ni formalin ammonium biomide or AAhieh has been 
treated AMth bromine dernatiAes may leqiiirc shortoi stammg periods in the 
gold bath Occasionally, excellent results can be obtained by merely alloAving 
the sections to remain OAemight oi longei in foimalm ammonium bromide in 
the incubator at 57® C Penfield suggests the addition of 2 or 3 diops of a 
1 1000 aqueous solution of erythiosin to the gold bath to hasten the staining 
A similar result can be obtained by adding enough diy eiythrosin dye to the 
gold bath to impart an orange tint Moderate increases in temperature also 
faAor the staining reaction 

Cojten*s ModificaUon of the Cajal Gold Sublimate stain aaos deAised for 
formalin fixed tissue and giA es good results 

1 Frozen sections, 20 to 25 micioiis, are heated m the folloivin" 
solution until steam arises 


Ammonium bromide 
Formol (undiluted und neiitril) 
Double di'stillcd water 

Bo not boil 

2 Transfer directlj nithont washing into 


15 gm 
100 cc 
400 c c 


3 c c 
8 c c 


Antiformin 
967o aleoliol 

3 ^yash thorouglilj >n t«o changes of double distilled natei 
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4. Stain for one to two liours or luitil the sections are brownisli 
red in the following solution: 

1% aqueous gold chloride (acid brown) 4 c.c. 

5% aqueous mercuric chloride S c.e. 

Do\ible distilled water 6 c.c. 

During the .staining, the .sections sliould be kept iti the dark in the 
incubator at 37° The staining should be controlled nncler the 
microscope but sections should be washed in double distilled water be- 
fore examination. 

5. ^Yash thoroughly in double distilled water and fix in 5 per 
cent hypo for fifteen minutes. 

6. Wash thoroughly in distilled Avater, mount on a slide from 50 
per cent alcohol, blot firmly but carefidly, complete dehydration in 
ab.solnte alcohol, and clear in xylol. Mount in balsam. 

The antiformin should be active and it may be necessary to prepare if 
fresh. The final results of the stain are those described previously. 

Gelatin-embedded material may be used if sections are cut at 10 raiciow 
or less. AVortbam advises the following gold hath : 

1 % gold chloride 10 r.c. 

5 % aqueous mercuric chloride 0 c.c. 

Distilled water 4 c-e- 

The time required for staining is usually lengthened. 

In general, the stain is the simplest and the most reliable of the 
methods for glial cells. 

Kanzicr’s Modificalion of Kortega’s Method for Microglia. 
ous modifications of the original Hortega method for the sih’er iinpijc”' 
of microglia, this one gives good results. Tissue fixed in formalin oi oini 
ammonium bromide may be used, 

1. Frozen sections, 25 to 30 microns, are received in clistilk 
water and transferred to the following formalin-ammonium bionute 
mixture in wliicli they are heated until steam arises: 

Ammonium bromide 1“ 

Pure formalin 100 

Distilled water ‘100 c.c. 

This solution keeps rvell. 

Allow to cool fifteen minutes or longer. Do not boil. 

2. AYitbout washing, place directly into the following' ale® 
antiformin bath: 

Antiformin. 

96% alcohol 
Distilled water 
Prepare fresh before using. 


3 C.C. 
8 C.C. 

2 c.c. 
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It ib esbential that the antiforimu be fresh and active Allow to le- 
jiiahi five to eight seconds, or until the white matter becomes appar- 
ent. Keep sections in motion dmiiig this time. 

3. 'Wash in two changes of distilled water and transfer to the 
following silver hath : 

109o silver nitrate 5 c c 

30% sodium carbonate 35 cc 

Dis‘<ol\e the resultant precipitate tlie .ulditiou of stronji atii 
nionmni lijdioxide, drop bj drop, shaking <ontimiou''l). A\oul un 
CXCC 1 S of ammonia. No further water is addctl I'lltei befoic use. 
Prepare fresli. 

Allow sections to remain ei^ht to fifteen seconds 

4. Tiaiibfer without washing to 2 pei cent tormalin made up with 
distilled water. Develop quickly, keeping the sections in motion and 
renewing the solution frequently. 

5. Wash freely in distilled water 

C. Tone for ten to twenty minutes in the following gold bath. 

1% gold chloride (jellow) 1 to 2 cc 

Distilled water 30 cr 

7. Wash and fix in 10 c.c. of a 5 per cent solution of sodium 
thiosulfate to which 1 gm. of sodium sulfate lias been added The 
addition of the latter is not absolutely necessaij ADou sections to 
remain for one minute. 

Wash well in distilled water Mount sections fiom 50 per cent 
alcohol, blot firmly, and complete dehydration in absolute alcohol 
Clear in creosote carboxylol and mount m balsam 

Microglia is .seen as small cells containing an elongated, rod-shaped or 
triangular nucleus and short, iriegular processes The cells are stained a 
grayish black and stand out sharply from the light gray background. Theic 
is impregnation of the nuclei of tlic other interstitial cells, hut only laioly can 
the outline of the astrocytes be seen. Axis cylinders, myelm sheaths, neurons, 
and such are not stained. 

Failure to obtain good staining may be duo to sex eral factois The sodium 
carbonate used in the preparation of the siher bath must be free from im- 
purities Imperfectly distilled water may account for .some failures The 
aiUiformin must be active, and it may be necessary to prepare it fresh by 
mixing equal parts of 15 per cent sodium liydroxide and 20 per cent sodium 
i^.^Tioclilorite. The commercial antiformiii may not gix'e good lesul^s It is 
often necessary for the indix’idual worker to try minor empirical variations 
m the technique if the method does not succeed the fust few times. Tiie 
pathologic forms of microglia stain more easily than the microglia in normal 
hvain tissue. The beginner will find it helpful to become acquainted xvith the 
method through the use of tissue from a case of dementia paralytica wlierc 
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the microglia cells are increased in size and number, particularly ia ilie 
frontal lobes. In general, this method gives fairly consistent results, andtk 
completed preparations are excellent for photography. 

Penfiekl’s Second Modificaiion for Combined Oligodendmjlm and Micros- 
lia . — With this modification of Ilortega 's silver carbonate inethofl there is 
staining of both the oligodendroglia and microglia cells. It can he applied to 
formalin or formalin-ammonium bromide fixed tissue. 


1. Frozen sections, cut at 20 microns, are received into 1 per cent 
formalin or distilled vater. The former is preferable, since it pre- 
A’ents sivelling of the tissue. 

2. Place sections in distilled water to which 10 to 15 drops of 
strong ammonium hydroxide have been added. Cover and allow to 
remain overnight. 

3. Without washing, transfer sections to 5 per cent Globus’ 
hydrobromic acid, and jilaee in incubator at 38° C. for one hour. 

40% liydrobromic acid 5 c.c. 

Distilled water 05 c.c. 


4. Rinse in three changes of distilled wrier. 

5. Mordant sections in 5 per cent sodium carbonate for one hour. 
They may remain here for five to six hours without ill effect. 

6. Pass sections, preferably without washing, into Hortega s 
weak ammoniacal silver carbonate solution for three to five minutes, 
or until they turn a smooth gray when transferred to the reducer. 
At times good results may be obtained by leaving the sections in t e 
silver solution until they turn light brown. The impregnation shou 
be controlled under the microscope. Hortega 's weak aimnoniaea 
silver carbonate solution is prepai-ed as follows; 


10% silver nitrate 5 c.c. 

5% sodium carbonate, pure -0 c.c. 

Add sufficient fresh ammonium hydroxide, drop by drop, 
dissolve the precipit-atc, stirring constantly. Do not add oo 
ammonia. A tine black precipitate, unlike the 
bonate, remains. Filter and dilute to 75 c.c. Keep in n 

sections constantly- 


7. Reduce in 1 per cent formalin, agitating 
Use fresh formalin for each section. 

8. Wash in distilled water and tone in 1:500 gold chloii 
room temperature until sections are a smooth gray. 

9. Fix in 5 per cent sodium thiosulfate for a few minutes. 

„i^cc slide 

10. Wash fi’cely in distilled Avater and mount on « e ‘ 
from 50 per cent alcohol. Blot, complete dehydration m ^a 
alcohol, clear with creosote carboxylol, and mount in ba san . 

With this metliod there is staining of the 
Avith a fair degree of consistency. The tAVO types of cells can jela- 

by their differences in moi-phology, the oligodendroglia appe 
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ti\el;\ small cells ■with Jai^e spJjejjtaJ scaiilj cytoplasm, and a few 

fine processes The mieioglia appeal as deseiibed m the Kanzler stain Oeca- 
sionallj theie is faint impiegiiation of tho astioejtes, especially if the see 
tions ha\e been allowed to leniain m the silvet bath too long The background 
IS practically coloiless, a^is ejlindeis, iiemous, and such not taking the stain 
By allowing the sections to lemain m the ammonia tuo nights and lengthen- 
ing the time of ticatnient in the sihei bath, a more intense impregnation is 
obtained 

The method uorks best if the tissue is not too old although good lesults 
can be obtained on old formalin fixed material Tissue fixed in formalin foi 
not 01 er tuo days giies excellent lesuIts -As ni the ICanzIei modification, 
failure to obtain good impregnation may be due to impeifectly distilled uatei, 
impure sodium carbonate, or impropeih fixed tissue Wlieneier possible, 
tissue fixed m foimalin animoiimm biomidc should be used and the sihei cai- 
bonate solution piepaied fresh, although the lattei keeps foi seieial weeks 
uhen tighth stoppered and stored in an ainbei bottle in the daik 

Gha Stains on Paraffin Sections — Piacticalh all of the selective metallic 
methods for the demonstration of glia cells leqiure tlie use of frozen sections 
Occasionally, lion ever, uiiembedded tissue is not available and it becomes 
necessary to use paraffin sections Numeious methods liave been devised foi 
the sihei impregnation of paraffined tissue none of which aie veiy satisfac 
toryr The methods aie usually not veiv leliable and larely are they selective, 
impregnating neive fibeis, glia cells gha fibeis and connective tissue at the 
same time Thev are useful, neveitheless, if only as a means of obtaining a 
geneial suivev” ioi compaiisoii vrith the more specific stains 

'Wildo^s Method foi Gha and Nave Pibcis— Paraffined sections, cut at 8 
to 10 microns, aic bi ought to distilled watei Tissue should be fixed in 
formalin 

1 Place in 34 pei cent hydiobiomic acid foi tliiity minutes 

2 AVash in distilled watei for ten to tvv enty seconds 

3 Plood the slide foi five seconds with 1 pei cent aqueous urani 
um nitiate solution, sodium fiee It may be necessaiv to use a 
shortei time 

4 AVasli in distilled watei for ten to twentv seconds 

5 Place in sihei diamino hvdroxide foi twenty seconds 

To 5 cc of 10 2% silver nitrite, idd strong ammonium livdroNide 
until the precipitntc which forms ju«t reOis'^olves Acid 5 c c of V 1% 
«odtum hydroxide ind dissoJre the preeipitTte whicli forms In adding 
ammonium hadroxide, drop bv drop Mahe up to 50 c c with distilled 
water Prepare fresh jiist before u'se 

0 "Wash briefly in distilled watei 

7 Agitate each slide sepaiately in the following leducing solution 
until the brovm cloud is no longer given off 

1 % uranium nitrate 15 cc 

40% formalin neutralired with magnesium 

carbonate 0 5 e c 

Distilled water 50 0 c c 
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8. Wash in distilled water. 

9. Counteivstain with eosin. Dehydrate in alcohol, clear in xylol, 
and mount in balsam. Hematoxylin may be used but must be blued 
in tap water. 

The ganglion cells, nerve fibens, and glia cells and their processes aie 
.stained black. The astrocytes and spongioblasts are well impregnated. Tissue 
iixecl twenty-four liours after deatli shows impregnation of the nerve fibeD 
and fibrous astrocytes, but the processes of the protoplasmic astrocytes ami 
the oligoclenclroglia cells cannot be .shown when more than six hours Ime 
elapsed between the time of death and fixation. As in other metallic inetliosh. 
if fixation has not been prompt, the staining is apt to be granular. 

The uranium nitrate and silver nitrate solutions keep indefinitely. Tlie 
silver nitrate should be stored in a dai'k bottle out of the light. The silver 
diamino-bydroxide, if stored in a tightly stoppered amber-colored bottle, vrill 
keep for a week. 

Fincher’s Silver Carhonaie Method . — This method is particular!}' 
adapted for tumor tissue. It utilizes Ilortcga ’s silver lithium carbonate. Thin 
paraffin sections are brought to distilled water. 

1. itlordant in the following solution at 60® C. until sections are 
colored yellow; 

2% silver nitrate *^0 c.c. 

Pyridine It! drops 

Alcohol 35 drops 

2. Dip in 95 per cent alcoliol. Wash sections in water and ha 
pregnate in the following silver bath : 

Silver carbonate, lithimn c.c. 

Pyridine drops 

Alcohol 1® drops 


Place in the incubator at 60° C. until sections are amber. 

3. Wash rapidly in 95 per cent alcohol. 

4. Reduce in 10 per cent formalin. 

5. Wash in distilled water. ,, ^ 

6. Tone in 1 :500 gold chloride solution in the iucubatot at 60 
until sections are a grayish-red color. 

7. Wash in distilled water and fix in 5 per cent sodnuu ippo 

sulfite solution. . 

8. Wash in distilled water, dehydrate in alcohol, clear 
sote carboxjdol, and mount in balsam. 

The neural and glial elements ai-e stained a piukish-ied j, darh 

to the more heavily impregnated fibroblastic elements nhich a 
brown color. Astrocytes and spongioblasts are vvell stainec . 
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Zeiilvei fixed tissue maj be used but should be passed fiist tluough 
Giam’s iodine, followed bj 5 pei cent sodium thiosulfate to iemo\e the 
meicuuc chloiide cijstals Tissue uliich has been fixed in Kaiseilmg's fluid 
for museum pui poses maj also be stained An excess of sihei in the tissue 
maj be remo\ed In allounig the sections to lemaiii o^e^nlght in xjlol to 
\^hich a feu diops of pMidine haie been added 

Hoite"a*’s sihei caibonatc (lithium) is piepaied as follous 

10% siUer nitrite See 

0 5 % lithium eirbonitc 20 c c 

Add <5tiong immonmm hydroxide drop drop until the pie 
cipitite IS just di's'iohed The solution ‘ihould be stirred contmuousl} 
fliid circ til cn to i\oid in o\ce'»s of immonia V smill imount of fine 
blick precipitite mil remnm ind ini’i be filtered off Make up to 
75 cc iMth distilled Miter ind store ui firmh stopperel brown bottle 
The solution keeps for •sexenl weeks 

fTo be continued ^ 
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TYPHOID VACCINATION, A Study of Oral, as Measured hy Blood Seram Aggtotimas, 

Crimm, P. D., and Short, D. M. Am, ,1. M. Sc. 196: S26, 1938. 

Using tj'plioid-mi.xed vnceine, 100 cases Avere vaccinated by the oral and a like asm- 
))er by the subcutaneous method. Blood .serum agglutinins were determined periofellr. 

Thirty-three per cent of the cases which received the oral typhoid-mixed vaccine tad 
mild reactions, none of which were incapacitating. 

Significant agglutinin titers with oral typhoid vaccine are present within sidy 
The agglutinin titration of both methods is cs.senliaily comparable after an interva! o| 
from two to five weeks. Significant titers per.«ist for .six months or longer following oni 
vaccine, 

Tliose cases failing to show agglutinins five weeks following vaccination were pu 
cent for the subcutaneous, and S per cent for the oral case.«. Tims, tlie failures arc t teeh®® 
as numerous with the subcutaneous as with the oral method. 

The authors conclude, from the extensive clinical reports of others and from ® 
laboratory results, that the oral method is as efficacious as the subcutaneous met lo o la 
typhoid vaccination. 


MAIiARIA, New Method of Staining Thick Tilms, Simons, H. Bull. Soc. patli- 
100, 1938. 

For the purpose of rapid diagnosis of blood parasites the author 
of the following mi.xture, which dehcmoglobinizcs the red blood cells } 
saponin, and stains the parasites and leucocytes by virtue of the methylene ue. 


300 C.C. 
O.G gm. 
1.8 gni. 

3.0 gm. 

2.0 gni. 
12 c.c. 


i0 


Distilled water 
Methylene blue 
Sodium cbloride 
, Sodium citrate 
Saponin 

Formo! (15 per cent) 

The mixture is poured over a thin or thick smear and alloued applK*^- 

minutes. In the case of thick films the stain is poured oft and fres i s am jj (oib- 

cording to the thickness of the film, this is repeated three to five times. 
plete, the stain is poured off and a cover glass is applied, little 

made in the small quantity of stain remaining under the cover glass. '6^® gondud®^ rapHl'' 
of the thick film floating off the slide, drying in 


the first place .paratioa 


The whole process 


four minutes— a 


by repeated gentle warming in a flame and blowing, 
staining of a thick film does not occupy more than three or 
saving of time when rapid diagnosis is necessary. 

ERYTHBOCYTES, Ked Blood Cell Values in Adolescence, Mugrage, B- 


coas’ 


fdersl'l' 


R„ and 


M. I. Am. J. Dis. Child. 56; 997, 1938. 

The quantity of hemoglobin, the number of 


red blood cells, and the ^rls, te- 




cells were determined accurately on samples of venous 


blood from 80 boys 


and SO 


tween the ages of 13 and 21 years. The values obtained are 


com 


pared 


with a senes 


ef 61 ® 
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smiihr deterniinitions on the blood of mfnnts cliildreii and adults From the results of the 
studj, the following conclusions mn be drawn 

1 Avenges for bojs are ilmost identical avifli those for girls at 13 jears These 
gradually increase to the idult lc%el lor men at 17 jears Aaerages for girls show little 
variation from tlie lo\el for women during the adolescent peiiod 

2 In the adolescent as well ns la the adult the average Tolume of the individual red 
blood cell of the male is smaller than that of the female Values for adolescents of both 
sexes are slightlj higher than tho«e for Adults 

3 The corpuscular hemoglobin concentration remains at the same level throughout 
adolescence as m other age periods 

DYSENTERY Specificity of Agglutination Reaction for S dysentenae, Mackie, T T 
Arch Int ^vied 62 783, 1938 

Prolonged serologic and cultural studies indicate the necessity for cautious interpreta 
tion of the agglutination reaction in eases of chionic inflamnntorj disease of the colon 
The author has repoatedlj found agglutinins for S dysentenae present at titers commonly 
considered to establish the diagnosis unaccompanied hy cultural e\idence of homologous 
infection Conversed, no agglutination reactions liaie been ob erved in cases of proved 
infection Marked and unaccountable \anations of agglutinin titer are the rule m the course 
of repeated determinations It is a stnl mg fact that the majority of the «era which gave a 
high titer were obtained from patients who consistcntU showed sterile culture for S 
dysentenae These ob«en itions suggest that agglutinins tor ^ dysentenae may develop in 
response to nonspecific heterologous stimuli 

LEAD HAZARD, Observations on Men Exposed to and an Onginal Method for Detection 
of Polychromasia, Windsor McLean, L A M J Austriba 2 307, 1938 

Ordinary tiun blood films are made on clean thin (10 mm or less) microscopic slides 
in the ordinary waj After drjing, the films are fi-\ed bj running pure mctlijl alcohol on 
the slide, film up, and allowing it to remain foi two minutes Tlio film is allowed to dry in 
the air, and then Seller's stain is run on and allowel to remain on the film for forty fiyo 
seconds The stain is then washed off with running tap water, and tho yvashmg continued for 
one minute The film should then be ycr> pale green in color It is allowed to dry m the air 
and 18 then examined bj the dark field method 

VREI TEST, Evaluation of, With Mouse Brain Antigen Relder, R F and Canjzares, 0 
Arch Dermat & Sj-ph 38 628, 1038 

For 110 patients with Ijonphogranuloma yenercum and 204 control subjects, 398 
tests were made with mouse brain antigen, 398 yvith emulsion of normal mouse brain, 
and 124 yvitli antigen prepared from pus of liuman patients 

Criteria are offered for interpretation of the test witli mouse brain antigen 
Of patients yyitU lymphogranuloma venereum, 90 per cent gave positive, 9 per cent 
negatiye, and 1 per cent doubtful reactions to mouse brain antigen Most patients gi'mg 
a negatire leaction had the disease m an early stage and later gaie a posifne reaction 
Of the control subjects 93 per cent gaye negatiye, 3 per cent positive, and 2 per cent 
doubtful reactions to mou«e brain antigen 

One per cent of persons tested showed a strong hypersensitiiity to mouse brain tissue, 
the reaction to emulsion of normal mouse brain and to mouse brain antigen roraaming intense 
for more than a yyeek 

The optimum time to read the rc«ult of the Frei test is between the third and the fifth 
preferably the fourth day 

A reaction to mouse brain antigen on the fourth day consisting of a papule more than 
6 mm m diameter, accompanied yvitJi a much le«s intense reaction to emulsion of normal 
mou?e brain, may be considered positive The reaction should remain this sire or become 
I'lrger for it least one week 
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There is usually a reaction to mouse brain antigen and to emulsion of norma! monte 
brain during the first two days, which then disappears. This is a nonspecific leactioa. 
In the interpretation of borderline reactions (6 to 7.5 gni.) to momse brain anfigen, 
the size of the corresponding reaction to emulsion of normal mouse brain should be taka 
into consideration. A small percentage of reactions are doubtful and cannot be interpretei 
The test should be repeated in cases in which such a reaction appears. 

Comparison of mouse brain antigen with that prepared from the pus of human palieiil* 
shows tliat both give approximateh’ equal reactions. 

Mouse brain antigen is suitable for use in the diagnosis of lymphogranuloma unereoiB 
when the reaction to it is properly interpreted. 


TUBEKCULOSIS, Effect of, on Serological Reactions for Syphilis, Parran, T., and Emersoii, 
K. Am, Rev. Tubcrc. 39: 1, 1930. 

Inasmuch as with the present serologic tests for syphilis both typical and atypical 
false-doubtful and falso-po.sitive results arc found in sera from tuberculous donors, it is 
evident that tuberculous toxemia may contribute a confusing factor to .syphilis serology. 
It should not, however, prc.scnt a major problem in tlic clinical interpretation of results 
obtained with carefully conducted scrodiagnostie procedures. 


LEUKBMOID REACTIONS of the Myeloid Type, Heck, P. J., and Hall, B. E. J. A. M. -A 

112; 95, 1939. 

The importance of differentiating leucemoid reactions from the leuccmias is obuou'. 
In most cases this differentiation can be made on the basis of the clinical obseruUon. 
The hematologic picture may or may' not be of additional aid in diagnosis.^ The to® 
leucocyte count is of relatively little or no diagnostic significauce unle.ss it is in 
of 100,000 cells per c.mm. blood. Leucocyte counts above this arc observed rarej 
conditions other than the chronic forms of leucomin. It should be remembered 
patients with loucomia, including the chronic variety, have total leucocyte counts n 
either within or below tlie range for normal persons. In a study previously reportei , 
mately 40 per cent of all patients with acute Icucemia and 10 per cent of all pa 
chronic leuceinia seen at the Mayo Clinic from 192S to 1933, inclusive, had Iciicocy 

below 10,000 colls per c.mm. Hvscrasiss 

Summary . — Leucemoid reactions occur commonly with infections, with 
and diseases of the leticulo-endothelial .system, with diseases in which an 

irritation of tlie bone marrow (as in metastasis to bone), with conditions in 
increased demand on tlie bone marrow (such as severe and sudden loss of ^ pjpjanatioB 
chemical poisoning. Occasionally cases arc encountered in wiiich no satis i 
for the leucemoid reaction can be made. 


x. A W Stain Technch 

TISSUE : Preparation of Plaster of Paris Embedding Boxes, Solberg, a. 

14; 27, 1939. 

Cut pieces of paraffin of the size you desire the blocks. Bevel jjjQcfo in 

about 15° so that the bottom will be smaller than the top to allow t e plate w 

slip out when shrunk by cooling. Seal the block, wide side down, onto a 
piece of cardboard, and place around it two embedding angles vaseli®®' 

widest part of the parafBn block. Coat the paraffin block with a thin ulule 

enough plaster of Paris and ivater to fill the mold, and pour the mixture gnibe'S'*'’'' 

still very wet. Allow the plaster of Paris to dry for an hour or more. paraffin moH- 

angles, and when the plaster of Paris seems quite dry, lift ° , tliichne-®- 

When dry’, trim the box with a knife and sandpaper to the desired s lape 
advisable to leave the wmll quite thick to prevent breakage. it 

To use the box: Soak it for a moment in the water to be fill 

and pour out the water. Holding the box between the thumb an p 3 ,a n- 

with melted paraffin using a medicine dropper. Drop the tissue m 
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Orient tissue as desired with a warm needle or forceps Insert a previously prepared slip 
of paper nith identification marks on it into the melted paiaffin at one end of the box Hold 
the box in the cold water to cool and blon gently on the surface until a thin film has con 
gealed Carefully lower the box under water and m a few seconds the paraffin mil shrink 
from the sides of the box, allowing the block to float free The box may be used again im 
mediately, but one can work faster bj using two boxes alternatelj 

HYPERGLYCEMIA, A New Interpretation of, m Obese Middle Aged Persons Newburgh, 
L H , and Conn, J W J A M A 112 7, 1939 

A statistical analysis of spontaneous ghcosuria associated with delajed disposal of 
ingested dextrose indicates that approximatel> half of the patients are obese These obese 
gljcosunc patients are, with few exceptions, more than 30 >eais of ago 

After the weight of these patients has been reduced to normal by simple underfeeding, 
they remain agl^-co^suric, do not become lijpergljcemic when thej are placed on maintenance 
diets containing 300 gm of carbohjdratc, and exhibit normal dextro'^e tolerance cur\es 

There is an occasional exception to tlus rule, but more than 90 per cent of the patients 
respond in this maimer 

Recurrence of the obesitj is capable of reproducing the h\’pergljcemia and the delajed 
utilization of dextrose Subsequent reduction of weight again corrects the disturbance m the 
metabolism of carbohydrate 

It has been demonstrated that the majority of persons who ha\ e been obese for many 
years show delayed utilization of carbohydrate Since the majority respond in this way 
to adiposity and again dispose of carbohydrate normally when the excessiie weight 
lias been remoied, this phenomenon must be regarded as being the tj-pe re«pon«e of the 
previously normal mechanism carbohydrate metabolism to tlie oierload of obesity 

It IS suggested that the occurrence of the hyperglycemia and glycosuria in such persons 
depends on the excessive accumulation of fat m the luer, mth a resulting impairment in 
its capacity to lay down glycogen at the normally rapid rate 

The studies described establish a clinical entity in which obesity is tho principal 
abnormality and hyperglycemia is a secondary phenomenon 

agglutination, Salt Optima In, Platt, A E Australian J Expei Biol &. M Sc 16 
275, 1938 

Using a smooth strain of Brucella abortus and a corresponding antiserum obtained from 
an infected cow, it was found that the antigen and antibody optimal ratio'? remained con 
stant for all salt concentrations between 2iI/7 and M/5G Concentrations of salt aboie 
2M/7 were not used, and those below M/56 failed to agglutinate the stn'iitized organisms 
The optimal salt concentration for any agglutinating system depends upon (a) the 
ratio of antigen to antibody, (b) the concentration of organisms per unit volume of mixture, 
and (c) the effect of the salt on the cohesive force between the organisms 

gold sols, Variations in the Behavior of Paretic Cerebrospinal Fluids With Different 
Types of, Pennycuick, S W, Woolcock, C E, and Cowan, B J Australian J Ex*per 
Biol L M Sc 16 317, 1938 

The oxalate reduced gold sol can be used in the Lange test if a buffering agent is added 
to the solution either before or after the reduction of the gold «?alt In general, howcier, it is 
not as reliable as the formaldehyde reduced •?ol 

The phosphorus reduced gold sol cannot be u'?ed with any degree of precision 
The Bredig gold sol can be adapted for u«e, but its reactions are lanable and its 
preparation is incomenient 

A- trace of stannic chloride when added to distilled water facilitates the formation of 
gold sols, but such sols, whilo they are suitable for paretic cerebrospinal fluids, show slight 
irregularities with normal fluids 
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PEEGNANCY, Eegulation of Level of Calcium in the Serum During, Bodansky, M, ati 
Duff, V. B. J. A. At. A. 112: 223, 1939, 


Within certain limit.s (not lower than S.5 mg.) the depresbion of calcium in the serau’ 
observed in late pregnancj' may be considered a normal condition, conducive perhaps to a 
greater economy of utilization of calcium derived from food and maternal bodily resencs. 

Severe hypocalcemia during pregnancy may reflect either paratlijToid deficieaty c: 
marked nutritional deficiency. Both are comparatively rare in ordinary clinical eiperi- 
ence. The importance of the parathyroid glands in the regulation of the calcium coafeat 
becomes especially iraprc.ssivo in the parathyroid-deficient pregnant animal at term. 

Abnormnlitie.s in fetal .skeletal development occur if hypocalcemia is severe, as sioira 
by the re.sults in experimental parathyroid deficiency and in clinical osteomalacia. Tie 
somewhat elevated calcium level in the fetal circulation may, therefore, be looked upon as 
normal for fetal development. 

Nutritional, hornionic, and seasonal factors influence the maternal calcium level. 
The influence of sen.son may be only partly related to the amount of available sui- 
shine. 

It is po.ssible that in pregnaev' the maintenance of a .subnormal calcium level iu the 
maternal serum, as judged by nonpregnancy standards, despite the augmentation in pam 
thyroid function, is dependent on an intrinsic calcium-depressing factor. The maintenance o 
a relative elevation of calcium in the fetal serum may also indicate the participation of so® 
factor in the fetal organism independent of the fetal parathyroid glands. The rise e 
maternal calcium level after parturition and the decline in that of the newborn infant 
that these factors may re.“ido in tlie maternal and fetal portions of the placenta, respec a 
each playing a distinct and important role in the regulation of the maternal an e 
calcium levels. Tlic decline in calcium content observed in the newborn 
tioned by the sudden withdrawn! of the labile calcium reserve of the e a p 


the adequaif'.'’ 
In the 


MENINGOCOCCIC INTECTIONS, Sulfanilamide in the Treatment of, Waghelstein, J. ^ 
J. A. U. A. Ill: 2172, 1938. 

There were 106 patients with nieningococcic infection treated at Sydenham 
with 19 deaths, a fatality rate of IS per cent. The case fatality rate in 
treated group was 12 per cent. 

When sulfanilamide alone was used, the fatality rate was 15 per cc 
adequately' treated cases, the fatality rate was 12 per cent. 

The combined method of treatment was used in 04 cases, with a case a . jJip 
24 per cent. The fatality rate in the adequately treated group was 13 per fvventy 

last 20 patients treated in this manner there were 3 deaths, 2 of whicWoocurre 
four hours. tweniy-^o'"^ 

The spinal fluid cultures were more consistently sterile after from twelve 
hours of treatment in those patients in wliich sulfanilamide was taken ^jjfinocly'^'- 

mouth or by nasal catheter, rather than when given evoiy twelve hours y j^jjpcdly 
The number of lumbar punctures in the treatment of meningitis ha 
reduced. The 

The complications due to sulfanilamide therapy were infrequent infeefi®®^ 

number of recurrences vv'ere reduced. Those complications due to mem 
were not significantly reduced in occurrence. . j^fjetion, 

Since the introduction of sulfanilamide in the treatment treated 

has been a definite decrease in the number of deaths, not only twenty-fo’''’ 


also in those fulminating cases which usually terminate 
The discomfort suffered by the patient directly due to tne ire,i 
the simplification of the treatment, and the hospital stay has been 


fatallr within 


lessened owing ' 
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I N THE past twciitj fi\e jo.ais aitifioial pneumotlioi.iN li.is fjiown fiom lieina 
a method of collapsing an o\tcnsi\eh diseased tuhorciilous lung in a dcfiiiiteh 
nnilateial case, to a pioccduic ad\oc<itcd some in niiniin.il cases of tubotcu 
losis, a piocediuc used diagiiosticalle in eases of suspoeUcI lung tnmoi , a pio 
cediire used tlioiapcuticalh m lobai piieuiiioiii i, a pioecduie adeoeated in 
massno atelectasis, a pioccduic often cmploicd bilaleialh , a pioceeluie utilized 
111 c.tses tlmt almost fiom the stait became ainbiil.aton , a piococUiio of con- 
stantly incieasing impoitanee, and one which has a definite iicniiiig on public 
health, a procediuc deemed so nccessaii that in ni.iiu states lui.al pi.ictitioneis 
aie gnen instuictions in lefills at the state s.aiiafonum, and thee letuin to then 
homos supposedly qualified to continue inicctions upon then patients disehaiged 
fiom the institution It is well to pause foi a few minutes to cealuate this 
method, the “aiicioiit of dais” among the means emploecd in collapse thei.ipi 
It is a fai cij fiom James Caison of Liicrpool who, in 1821, first adeocateel 
pneumothoraN, to oiii piesent daj Imndling of the mattci with pneumothoi.iN 
chines, attempts at collapse of all cases, etc Unqiiestionalih , successful ai tificial 
I>neuniothoia\ is the simplest and most eftectne method foi closing c.Tiities, 
(.ontiollmg tONCiiiia, and niipiosing the ultimate piognosis CiitleU has shown 
that the patient with modeiatcly adsaneed tubeiculosis tieated with pneumo 
thoi.ax 1ms a chance foi iceoseiy sin. times .is gie.it as the patient tie.ited 
without pneumothoi.iN lTiub}= has emphasized the impoitanee of pneumo 
Ihons fiom a public he.iltli sl.andpomt in the diminution of the soiiice of 
infection lij com citing oiien cases into closed ones, and in the shoiteiniig of 

~ •Reaa Weloro U.c mcttlnc of tlis \n>e,toa Clinical an.l Cl.n.atniosic U A^.ocKtlon In 
Uaitimore Mcl , October 11 1937 

Recenod for publication September 15. 1938 
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sanatorium residence, tiius speeding sanatorium turnover— a very necessan- 
factor in health economies. 

An evaluation of this important procedure should he made upon tk 
premises of indications, management, complications, and termination. 


I certainly would not dwell upon tlie run-of-mine indications for pneumo- 
thorax, other than to say that primarily it is indneed to close cavities ami 
to render sputum negative. It seems to me, however, that not infrequenily a 
mistake is made in paying too much attention to cxAcnt of pathology and not 
enough to type of patiiology; in other words, the benign e.\ndafive and (be 
caseous pneumonic types. Uhnar'' notes that the benign exudative type uadfr- 
goes spontaneous rc.solution, while the caseous pneumonic type, as the name 
implies, ea.seates and later eavitates. After the cavity has developed, it is time 
to collapse, for obviously no influence can be exerted upon a solid lung, as it u 
axiomatic that the only lung that can be collap.sed is an air-coiitaining hm?- 
which the pneumonic lung is not. On the other hand, Eglce and Jones’ varn 
against the diagnosis of the benign form of exudative type of tuberculosis, be- 
lieving that there is no reliable diagno.stic criterion and that all forms of pu 
monary phthisis are malignant until they prove lljennselves to he otliervise. Tl'*!?' 
also believe that tlio acute pneumonic type should l)e collapsed, feeling that tiw« 
is much to gain from an immediate pneumothorax and all may be lost hj ea. 
Hence here are two diamelrieally opposed view.s on the question. 

There are seen nowadays more patients with acute bronchopnennion'oj^^^ 
set than in the past. Why tliis is time, I do not know, unless, perhaps, la 
a total population immunity incimsing, those aiot effectively pioteee ^ 
more violently to the infection. I feel that it is advisable to try to 
therapy on tliese patients at once, thongli one is tempted to uait 
the acuteness of tlie toxemia, but .some tiiinlc tliat it may be ® ^ 
awhile, if possible, until cavitation begin.s, de.spite the fact '' 
one must necessarily run the risk of a broncliiogenic spread. pf jiidg- 

collapse should be started in this type of tuberculosis involves 
ment based upon experience, and in every ease it should be me uce . 

Collapse of minimal lesions and aTiibnlator.v pueumothoiax sb 
being “second best’’ methods. Pneumothorax is fraught wfli t!ie 

known to all of ns. Why subject, tlie truly minimal patient to no 

pathologic process sliows a tendency to spread, in which case of 

longer belongs to the minimal cla.ss? I am fully aware o flFW- 

O’Brien, of Detroit, in favor of minimal collapse, but I caimo a^ ^ Oji-oiigii 
He states: ‘AWiile it is recognized that patients with 
various phases, there is none in which collapse tberap.v is no 


in the terminal stage where it is too late.” tod 

The minimal patients are tho.se that should and v ill j 

rest alone. J. A. Myers"' recommends it on the following giom^ jj jiot 

results are equal to tliose obtained with other metboc.s. ^ ppiii- 

immediately condemned to prolonged and costly ' j, pi-actica'l>' 

inunity and the patient sav'e money. Cole and Ilarpci i * ,vorl:iii? 
same conclusion. I submit, however, that both ant ion i 
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clinics in laige cities, seiMiig a n«iti\e population piedominanth of the loMer 
classes and that, theiefoie, fiom the economic standpoint some compiomise 
measure must be leached Instead of jliisical plus plnsiologic lest, which 
unquestionabh is the best, plnsiologic lest alone must be lelied upon This 
situation is not piesent among patients able to seek a health resort for their 
cure It has e\er been advocated that pneumothora\ is essentialh an adjunct 
and an adjmant to general physical lest When both aie not to be obtained, 
certamh the ph^slologlc rest gnen h\ pneumothoiav is the one to select 

Wilhelm Neumann^ states that the best lesults aie obtained if pneumo 
tliora\ is combined uith the use of tubeiculin and that in most cases healing 
of ca'Mt\ takes place in fiom one and one half to tuo ^ea^s, uhile uith pneumo 
thoia\ alone it ma^ not be complete attei tioni thiee to foiu jears This is 
mentioned simph to pieface the statement that while Neumann is leeognized 
as a gieat authoiit^, his e\peiiencc can in no be assented to in this countr^ 

Pneumothoiav in lobai pneumonia has its pioponcnts and opponents Mooi 
man, of Oklahoma Citj, is in fa\oi of its use Ciowcll of Lmcolnton, North 
Carolina, has used it on a dozen patients with giatit^ me: results Behrend® and 
his associates used it oii 40 patients and found that pain and cjanosis ueie 
relieved and that djspnea usuallj disappeared The\ also found that the a\ei age 
duiation of tempeiatiuc aftei pncumothonv u is tlii' e and one half days, in 
contiast to sei en days u hen pneumothoia\ uas not nst d Hmes and Bennett,® 
uho treated 12 patients, 4 of whom died (mortalit\ 33k_j per cent), sticss the 
relief of pam and d\spnGa Bullowa,*® m an extended evaluation of the proce 
dure, IS little in fa\ot of it, and wiseh comments tliat pneumothorax has no 
effect upon the immunitv mechanism and does not pi event or cure bactcnemia 
He feels that its use should never take precedence over tlic other modern methods 
of dealing with pneumonia, and theiein I heaitih concur Mj own cxpeiienee 
has been limited to two patients, m whom dtfinite diminution of pam and 
dvspnea weie noted, but no change in the course of the disease could be asciibed 
to pneumothorax 

I must, of necessity, deal vei> bnefiv with management and, therefoie, am 
forced to take refuge iii “impressions,” which the late Di Lawiason 
once said “no loiigei have am place in scientific medicine ” Nonetheless, i 
am commeed, aftei twentv six jeais of expeiience with pneumothorax, that 
each case is thoroughlj individual Fifteen and moie vears ago the loiitine 
of refills 111 mj piactice was faiilv well standaidized Todav vaimtions in 
time between injections, as well as the amount of an given, aie piac ' 
coequal with the numbei of patients iindei treatment I do not know tie 
reason, but I feel that it lests upon one of two factois either tlie present dav 
tuberculous patient is exhibiting a different tvpe of reaction to his infection 
(uhich I suspect) oi else with added experience, better judgment is being 
cxeieised in the administiation of pneiimothoiax 

B.lateial pait.al pneuinolLoiax. unlhought o£ o. deemed imposMble in 
die earh dajs, has hecome lelatiich common {as has its child, hilateral paitial 
dioiacoplasti ) I kiioii of no pulnionaij theiapeufic piocediiie iieeessitatiiiEr 
“ore sapient judgment than the adoption of this method In anse hands 
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wonderful results are olitainable, but it is a procedure that should be restricted 
to the specialist in the treatment of pulmonary tuberculosis. As foster fatte 
to bilateral pneumothorax, may be cited the patients with bilateral cavitation; 
then must be determined the primary point of attack, whether to the right or 
to the left, which places considerable responsibility upon the physician. Bile 
we often employ bilateral ])neumothorax when, after a successful collapse of 
one lung, an acute flare-up takes place in the contralateral lung, bilateral 
cavitation at the outset is no contraindication to the use of the procedure. As 
a -matter of fact, as pointed out by Pruvost, Leblanc, and Petraiid,” contra- 
lateral cavities are often benefited at first when the mediastiiiiun is mobile- 
purely on a mechanical basis. One questions, liowever, whether these cavities 
would ever close with sole reliance on contralateral pressure mechanism. 

The question has arisen whether pneumothorax should be induced after 
the aspiration of fluid resulting from a pleurisy with efEusion. I think that tk 
decision reached should depend upon the pathologj^ in the underlying lung 
and, therefore, should dejicnd upon whether the eftusion was idiopathic or a 
complication of previously known pulmonary disease. If the former, I fed 
that the lung should be allowed to rc-expand under careful roentgenologic 

observation, until the type of pathology becomes manifest, when the indication 

for pneumothorax will be clear; if the latter, it depends wholly upon the pre- 
existing pulmonary pathology. 

In any general evaluation of pneumothorax, we must consider the possible 
complications. I will pass over the hair-raising, dramatic occuvrence o air 
embolism and jileural shock. They' are rare and are not forgotten bj oner' o 
has seen them, but their possibility by no means constitutes a contraindica wn 
to the use of the method. Spontaneous pneumothorax superimposed ® 
existing artificial pneumothorax is one of the chances which eveij P®/® 
must run. hlobile mediastinum, wherein the further collapse of a pai 
collapsed lung results only in a shift en masse of the lung and mediastinum 
ward the sound side with consequent squeezing of the contralatera 'll’';’ 
mentioned only to be included. 

The real complication is fltiid in all its ramifications from the 
exudate of an ounce or so, discoverable only fluoroscopically, to t 
tuberculous empyema, terminated successfully only by thoracoplasf}, J 
successfully by the development of toxemia, a pleurobronchial s n < i 


eventually by death. _ 

Inasmuch as fi’om 50 to 70 per cent of pneumothorax jell 

fluid, it becomes a serious consideration, for, once it has appeared, no 
what course it will pursue. The cause of fluid has as j'et to 
determined and explained. It has been believed by some to be ^ 
of high pressure in pnenmotliorax, but this liypothesis is made iiega 
occurring in countless eases in which high pressures hav'e never eei 
Dlmar thinks that it is due "to the stimulation of the pleura ^ pi-eviou'! 
material.” He feels that in pneumothorax on a person who lias ia< 
infection with the tubercle bacillus, all tissues are sensitive to tii 
gen and the pleural membrane, like the peritoneal membrane, ji-ritatei 
by its ability to pour forth large amounts of fluid when stinndato 
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Serous fluid pel se does no haim Infected fluid liaiboiini>- tubczcle bacilli, 
IS a seiious mattei Its oiijrin unqucstiomblj is endogenous, tlioiigli patbuais 
of mobilization aic open to discussion Tubeiculous enipjcmas can and do elcai 
up spontaneously In tlic past fi\e -Nciis I know of two cases in mj own piaetice 
that ha\c done so, though I am coin meed that this was due moie to good luck 
than to good inaiiagement Nonetheless the appeal ance of tubciclc bacilli in the 
fluid of the pleural ca\itj must be Mewed with great concern This coneein 
natiually must be lieightened if s\stemicalh and bacteiiologicalh e\idence of 
mixed infection is demonstiable 

How long should a successful pneumothoiax be maintained? Opinions 
diffei Tiic thesis has been put foith that a \cai oi eighteen months is ample 
Some achoeate thiee, some fi^c, xeais, otheis nioie consenatne still, believe in 
continuing pneumothoiax as long as possible basing then contention on the 
theoiy that c\entiialh all pncumothoiaccs will be self obhteiatmg It seems to 
me that the peiiod of maintenance should be picdicatcd upon the pTthologic 
picture existing at the time the pncumothoiav was instituted If extensne with 
hrge eaMt\ foimation, ceitainh a period of fi'e ^taIs is not too long, if lola 
tnelj slight, with a small caMU oi no demonstiable civiti but ineieh positi\e 
sputum, fiom two and one half to thioc \eais should be sufficient In patients 
uitJi many adhesions, but in whom a partial tollnpsc Ins gi\en excellent clinical 
lesults, indefinite contuiuatiou is indicated It must b lemembeied that while 
the zones of infiltiatiou distant fiom, as wtll ns adiiccnt to the caMt\ may 
ivell heal ni a yeai oi so, it takes a fai longei time foi the eoaptated walls 
of the canty to become peimancutly adhcKiit and fuithcimoio, that theic 
IS no test that we can apply as a losult of wlmh wc can be ceitain that 
piossuie is lelcased and tlie icsullant ns a to go comes into pla\, they will not 
‘Separate and *'the last state will be woise than the fiist 

As pointed out by Dundee,'" age and occupation ha\e their places m the 
piogiam of le expansion The joimgei the patient, the more time should be 
gueii to collapse for i elapse is moie fiequent in the joungei age groups 
Also, if the patient, when again taking his place ni the world, is oblige to o 
haid, manual laboi, collapse should be continued o\ei a longer peiio o ime 

This question of duiation of collapse is a xexatious one from the stand 
point of both tlie physician and the patient, fiom that of the formei, ivlio feels 
tint the final pi oof of a successful pneumothoiax is shown in the deliberate 
allowance of the lung to le expand, and fiom that of the lattei who 
ka\mg feaied the initial injection with moital tciioi, now feels that if his 
king IS permitted to re inflate, he is theieby^ cutting the last cable that binds 
him to the shoie of health The leactions of these patients to the beginning 
and end of then tieatment show that pneumothoiax also entails a psychologic 
factor which cannot be disiegardcd I haae had far moie heated aigiiments 
'nth patients about discontinuing pneumothoiax than about initiating i lo 
the patient, re expansion of the lung signifies a icshtuho ad mtegnim and 
forgetfulness of all that went befoxe To the pathologist, it means calcification 
fibrosis, thickening, contiaction, defoimitj and, pcichance, healing To t he 
Plnsician, it imposes mcieasmg watchfulness lest that which was belieied to be 
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wliole shall presently crack and, instead of Iieconiing a monument to his pioMss 
and judgment, will instead develop into an apologia for liis luiman weakness ani] 
consequent mistakes. 


SUMMARY AND CONCLUSIONS 


I have attempted very briefly to give an evaluation of artificial pneumo- 
thorax. From this report the following conclusions can he made : 

Pneumothorax is unquestionably worth while. 

Complications resulting from pneumothorax may be serious, sometimes 
fatal, but only in such a small percentage of eases that their oceurreiiee .should 
not interfere with advising its induction. 

Ambulatory pneumothorax as a substitute for the best method of treat- 
ment is desirable. 

There is no definite rule to follow in giving pneumothorax. 

Those who have employed jmeumothorax would never voluntarily reieit 
to the preeollapse period. 


9. 

10 . 

11 . 

12 . 
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HEMATOLOGIC INDICES IN NORAIAL AND ANEJIIC PATIENTS" 
A Triamal Grvi’hil ^Ietiiod 
Katsuji Kato, Pii D il D , Chicago Ili 


T he tiiaAial Goiielatioii tliait letentlv dcMs( cl b^ the uiitei^ ofteis an 
acciiiate and coinenient method of mg' ^allous t\ pes of anemia ith 

lefeience to tlien index cliaiaettnstics Tlit constiiu tion of tins cliait is 
based on the logaiithmic inteiielationsliip existing between the thiee niajoi 
hematologic mdiees of diagnostic impoitance nam^l^ the coloi, \olume, and 
satuiatioii indices, lespectneh As expiessed m index numbers the hemato 
logic attiibutes of anj giien sample of blood can be pieciseh cleteiinmed bj 
the cooidmate position occupied b^ tiuit paituuiu blood on the cliait A 
biaxial chait of Uaden^ expiesses the same fundanuutal inteiielationship 
between the coloi and ^olume indices and foi piactical pmposes is quite 
adequate, but the tiiaxial eooidination possesses (hstmet ad^antnge o^el the 
biaxial in that wlien the othei two indices aie Known the saturation index is 
automaticalh registered on the tiiaxial ohait wiiliout tuither calculation 
This chait is again quite difteient from tlic loganthnuo calculation chart of 
Osgood^ in that the lattei is intended oid^ as a dcMce loi the calculation of 
index numbeis 

The object of tins papei is to demoiiotiate tlie piaetieal application of the 
tiiaxial chait as an aid in the diagnosis and tieatment of \aiious tjpes of 
anemia Foi this pnipose liematologic data hoiii both normal and anemic 
infants and ehildien ha-\e been utilized, togethei with a ceitam amount of 
data in diseases w'hicli occur exclusneh lu adult subjects The bulk of the 
data pieseiited is fiom peisoiial obsei nations, although some has been taken 
Horn the liteiatuie oi supplied to the wiitei m pei*sonal commumcations bj 
other obsei%eis 

Of the methods employed in the pieseiit senes of studj it maj be men 
tioned that in the deteimination of packed cell %olnme a specially demised 
combination inicroliemopipette (Kato^) has heeii used throughout Tins jppette 
makes use of 0 05 c c of osaiated blood, the double oxalate mixture of Hellei 
and PauH ha\ing been used m the piopoition of 1 500, thus 0 Oo c c of blood 
used contains 0 1 mg of double oxalate mixtiue in di.\ foim All '\alues ha^ 
been recorded in peicentage figures h\ duect leading of the packed cell vol- 
ume on etched giaduation maikmgs No attempt has been made to calculate 
the peicentage of coriection factois since all determinations weie mai e un er 
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identical conditions. The red blood cell count ivas made by the usual km 
cytometer method, and the hemoglobin values estimated by the acid liematin 
method of Newcomer. 





which are 


The data may be classified according to the following gronpS; 
presented on triaxial charts a.s illustrated ; 

(1) Normal blood of growing infants (2 cases) was observer 
beginning at the age of three weeks and extending to six mont is 
and B). For the .sake of simplicitj' only a selected number of 

actually reproduced. In one of the.se infants (Baby Myles) the gf 

indices during the first eleven weeks of postnatal life lay outske '® j],e 
normal variations, ivliile all subsequent observations rveve con ner 
normal area. In the second baby (Baby Ned) tbe positions o 
moved practically -within and around the normal zone. _ _ positio®' 

(2) Nutritional anemia in infants is, according to ^gsg 5 itati''f 

microcytic, hypochromic, and hypoplenic in nature. The tvo i 

eases are recorded, each showing the movement of its index po 

iron therapy toward the center (Fig. 2A and B). _ _ j^jicro- 

(3) Anemia aeeompanjdng infections may be either nucioc) 
cytie, but is usually hypoehromic and hypoplenic. In a case o 
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Jiiatic heait disease in a lO^eai old female child laacroc j tosis ivas constant 
throughout the period of ohseiiation, while in an 11 month old infant suffer 
injrfrom cenical adenitis, tlie anemia was definiteh micioeitic, Inpochiomic, 
and hipoplenic, sigiiifi iii" this to be a case of superimposition of nntntional 
anemia (Fig SA and B) In the lattei instance tieatmont with feirous sulfate 
produced a definiteh beneficial effect not onU in tlie jnde\ positions of the 
blood but also in general clinical conditions 






(4) Heniolj tic icteiiis, accoidnig to the data gneii In Erichsou and his 
CO workers,® has latliei lieteiogeiious index pictuies, the majorit\ teiuling 
toward hjpoehiomia and microcjtosis (Fig 4/1) In one case of mdd hemo 
htie 3aundiee in a 10>eai old male child the index characteustics le^ealed 
inicrocj tosis and, foi the most pait, lopochiomn, but with lathei constant 
bjpeiplenia In otliei woids, anemia de^ eloping in congenital hcmohtic icterus 
IS l^lc^oc^tlc, lijpochioinic, and Inpeipleiiic, lathei than micioc^tic and In per 
chromic, as it is iisiiallj deseiibed This means that in heniohtic icterus the 
teiideucj is toward o\etsat\uatiou of red blood cells with henioglobni, although 
die color index remains constant^ below norinnl (Fig 45) 


(5) In those cases in whicli index uninhers are obtainable (Erickson and 
associates,® Bradford and Dye") erythroblastic anemia is cbaracterked k 
microcytosis and hypochromia of red blood cells (Fig. bA). Morpliologifslly, 
however, a number of instances of this anemia are reported to be macrocytic. 

(6) Sickle-cell anemia (Erickson and associates®) involves practicallj 
every type of anemia, as demomstrated by the rather universal distribation of 
index numbers (Pig. 5B). 



A. 


PiR. 5. 


B- 



(7) Anemia associated with liver diseases tends to be typifies 
cytosis and hy’perchromia. In one case of juvenile cirrhosis of 1 
14-year-old female child, the initial index position was that o 
maerocjdosis, hyperchromia, and hypei-plenia (Pig’. 6A), while m 
observations of liver cirrhosis in a 6-montli-old infant, the 
consistently in the zone of macrocytosis, hypochromia, anc 

(Pig. 65). _ _ , vonng rf'iW''!" 

(8) Anemia occurring in uncinariasis, of which 2 cases i .pei'chron'k 

have recently been studied by Buckman,® is macrocytic extract i" 

(Pig. 7A). It is interesting to note that under treatment g deculw' 

combination with an anthelmintic, one of these patients s lon^ |^yperplei’‘®’ 
improvement in hematologic values but developed a pronounce 
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(9) In a case of ajilastic anemia accompanied h} piofnse hemoiiliage fol 
, louuig dental evtiactious tlic patient evhibitecl clofiiute maaoc\tosis and lij 

, peicluoniia, iii spite of extieme oligoc\ theniia (below 500000), hjpohemo 
globmemia (17 gm pei cent), and low tell \olume (5 per cent) Witli re- 
peated blood tiansfnsions all hematologic rallies lapidh nici eased, but the 
index iinmbeis lno^ed tow aid the /one of miciocjtosis and lijpochiomia 
(Pig 7B) 

(10) In the niajoiity of cases of pcimcioiis anemia, accoidmg to the data 
published bj Williams and his cowoiheis'* the initial index positions are pio 

\ iionncedh inacioejtic and In peichiomic and iindei Inei tieatment mo^e 
toward the noiinal aiea (Fig SA) 






(11) The anemia of spine and celiac affections, accoidmg to the data sup 
Phed h} HcBijdei'* fioin the cases published bj Hanes and ilcBi^de,” ^aiies 
gieath as to index positions The 17 cases of this gioup of diseases aie pie 
^lomiiianth macioc-\tie and Inpcicliioimc as well ns Inpeipleiiic, inieioe,\ tosis 
and lijpocluomia here occms onij in appioximatelj 25 pei cent of the cases 
(Fig 87i) In fact, accoidmg to the obsei\ations of Tliajseu,^- the anemia m 
spnie inaj be eithei simple iijpocliiomie or In peichiomie, oi the pictuie may 
a^en fluctuate back and foitli between these two types, depending upon the 
period of remissions or i elapse 
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COMMENT 

The lieniatoJogic data, as preseiitecl on the triaxial index eliai-t, are wif- 
explanatory and are offered primarily to illustrate the concrete maimer ia 
which such data can best be recorded. Too frequently the diagnosis of 
anemia is based solely on a decrease in red blood cell count and liemoglobin 
value, very little attempt being made in clinical practice to determhie tk 
precise nature of the anemia. Use of the triaxial chart makes possible an ac- 
curate diagnosis of anemia according to the graphic classification proposed. 
Quantitative aspects of anemia, however, need alway.s to be correlated witli 
qualitative and morphologic clianges of the blood cells, as demonstrated by 
well-prepared smears. 'When properly correlated, classification of anemias 
by the triaxial graphic method is a distinct contribution to exact hematologic 
diagnosis. 

For convenience in recording the triaxial hematologic data either a special 
hospital record sheet witli the index chart printed thereon, or a suitable sW 
rubber stamp of the chart, might be employed and included in the patients 
history. A consistent use of this method for liematologic diagnosis requires 
complete routine erythrocyte examination, consisting of cell count and acca- 
I'ate hemoglobin estimation, together with packed cell determination. 


SUMJfARV AND CONCEUSIONS 

An attempt has been made to emphasize the importance of making acc«w** 
diagnosis of anemias on the basis of both quantitative and qualitathe c 
teristies of the blood. For this purpose the triaxial index chart, as evise^ 
b}' the author, is offered as a means of enabling clinicians and Ishon 
workers to make precise classification of anemias. 

The concrete manner in winch the triaxial index chart is used 
purpose has been illustrated by the nature of index positions in lanoas , 
of anemias. • „ the 

Accuracy in the classification of anemias is essential hi 
specific therapy indicated for eaeJi type, and the course of leeoic . 
anemia can be clearly recorded on the chart here advocated. 

The triaxial correlation chart for hematologic indices is leeonune 
general and routine use in clinical and laboratory work. 
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TOTAL, mrrERCNTIAL, AND ABSOLl TE LEUCOC\TE COUNTS AND 
SEDIiAIENTATION RATES OU IIBALTH\ ADOLESCENTS 
FIFTEEN TO EIGHTEEN ’VEARS 01' AGE*' 


Edwin E Osgood, M D , Russi-ll L Bxker MD Imz E Brownlee, BA, 
Mable W Osgood, B A , Dorothy M Ellis B A , and 
■\V iLLiAM Cohen, M D Portlvnd Ore 


I T IS the purpose of this article to sxipph nioie aciui itc data than have hereto 
fore been available foi total, diffeicntial md ahsolile lencoejte counts, and 
foi sedimentation rates in healthv poisons flfloen to cijiliteen vears of age It is 
one of a senes of papers on hematologic standaids foi healthv peisons from 
birth thiougli adult life The data foi othei age gioups will be leported else 
where ^ 

Seaich of the literature failed to leveal a single studj bj modern methods 
of the total, differential, and absolute Ieiieoc;^te counts of health) peisons in the 
age group under consideration, noi wcio studies found of sedimentation rates 
hv the method here used and lecommcnded 

Subjects — ^All the peisons studied lived in oi neai Portland, Ore, at an 
elevation of less than 500 feet All v\eie v\hite and natne boin in most instances 
thev were childien of native hoi n parents The) v\ere fiom the public high 
schools of the cit) of Poitland Adolescents fifteen to eighteen )eais of age 
were grouped together because the scattei diagiams*'* of these values showed no 
significant diffeiences foi the two sexes and no marked vaimtion with age in 
this group Children undei eight jeais of .age'® invc higher leucoevte counts, 
children eight to fourteen veais of age'' have similar leucoc)te counts, hut 
different diffeiential counts, and .adults luavc lower leucoevte counts and a 
different diffeiential formula 

aimiODS 

Since the methods nsed ha^e already been dcsciihed in detail,' the} will be 
commented on onlj biiefl} lieic Venous blood mi\ed with 2 mg of di} potas 
I'liim o\alate pei cubic centimctei was used foi all determinations and lecom 
iiicnded foi use because it is raoic comeiiieiit and accniate than use of blood 

•From the Department ot Medicine Unherell, of Oregon Medical School Portland Ore 
Recei\ed for publication October 17 1338 
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T\bll VI 


Statistical and Smoothed Mews and Evnoes fop Totvl, Difffpentim, and Absolute 
Leucocyte Counts and Sedimentntiov Rvtes in ADOLESfj;NTs Fifteen 
TO Eighteen Iears oi Ace 




STVTiSTIl VL 
MEAN 

PPOBVBLE 

EFl OP 

di<;tp!bution 

snoOTIIFD 

MEAN 

95% FANGE 

Leucocytes* 

per c nira 


+ 

91 

1 541 + 47 

S400 

4,000 13,000 

Neutrophile lobocjtest 

per cent 

47 4 

+ 

07 

77 ± 0 3 

48 

25 70 


per c ram 

3,937 

+ 

*»4 

SI ew 

4 000{ 

1 500 7,500t 

Neutropliile rhabdocjtes 

per cent 





15 

0 5$ 


per c mm 





80 

0 200$ 

Eosmophile lobocytes 

per cent 





25 

0 6$ 


per c ram 





ijOf 

0 400$ 

Bisophile lobocj^es 

per cent 





0 5|1 

0 2|I 


per e ram 





soil 

0 20011 

Lymplioeytesf 

per cent 

41 8 

± 

00 

10 1 ± 04 

42 

22 62 


per c mm 

3,304 

+ 

57 

SI eu 

3 2o0 

1 500 5,000 

Monocytes 

per cent 





45 

0 9$ 







30011 

0 soon 

Disintegrated cells 

per cent 





35 

0 711 


per c ram 





250$ 

0 600$ 

Sedimentation rate 

I5 mm 




Skew 

2 oil 

05 5011 


45 mm 




&1 ev\ 

10 011 

1 0 30 011 


•Applies to persons 8 to 18 jears of ige 

fApplIes to persons IS to 19 jears ot age , 

tApplIes to persons 4 to 7 and 15 jcars of ose and over 
lApplles to persons 15 jcars of age nnd over 
II Applies to persons 4 jears of ago and over 

from the fingei oi eai No diffieulU nas encountered in obtaining blood from 
the ^c^n The blood was taken at anj time of da^ as in oidinan ofifiee piacticc 
The leiicocjte counts weie made with appaiatus certified bv the Biueau of 
Standaids, counting an area of 04 emm on each of two dilutions and using 
all the piccautions outlined b^ Osgood ^ The diffeiontinl cell counts wcie made 
on Wright's stained smeais on glass slides Buffer pliosphate was used as a 
diluent The details of smearing and staining aie described elsewheio^ In 
making the differential counts, 200 or moic cells ueie classified according to the 
criteria described and illustiated in ^1« of Hematology,^ taking caie 

to study onlj such poitions of the smears as were thin enough so that the akaryo 
cjtes (erj thioej tes) weie not touching each otiici The absolute leucocyte counts 
were calculated bv multipljing tlie total leueocvte count bj the peiccntage of 
the particular cell type Pinin'* has gnen data from which the piobable error 
of any of these determinations maj be calculated 

The sedimentation rates were determined on the same samples of oxalated 
blood, using a Westeigren pipette, and taking readings at fifteen and fortj fi\e 
minutes Expeiience with o\ei 80,000 deteinunations bj this metliod has show-n 
It to ha\e the advantages of the giaphic methods and to be simpler and quicker 

RESULTS 

Tables I to IV summaiizc the indi\idual results foi the total, differential, 
•md absolute leiicocj te counts and sedimentation rates for each age and se\ 
Sfoup On e\aminatioii of these tables and from the scattei diagrams, it is 
e\ident that there is no significant diffeienee with age oi se\ within this group, 
so that It IS justifiable to summaiize the results for the entire group as has been 
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done in Table V. This table gives the aA’erages and extreme ranges. For 
clinical purposes, however, tlie most useful range of normal is not the extreme 
range, but that range Avliich xvill include about plus or minus three prokWc 
errors, or 95 per cent of hcaltliy individuals. In other words, if a result in a 
person of this age group falls outside of the range, tliere is less than one chance 
in twenty tliat it is normal for that per, son. Tliese 95 per cent ranges are sura- 
marized in Table VI. 

The sedimentation rates form a skew curve, witli the greater number of 
determinations falling in tlie lower rates. It is probable that the rate of 15 mm, 
in forty-five minutes, xvliieh includes SO per cent of tlie results, represents the 
strict upper limits of normal, and tliat the liigher rates are due to mild chronic 
infection in tlie tonsils, teeth, or sinuses not detectable in the routine physical 
examination. 


SUMMARY 


There are no significant age or sex differences in the total, differential, or 
absolute leucocyte counts or in the sedimentation rates in persons fifteen to 
eighteen years of age. Table VI gives tlie data which should be most usdul 


in interpretation of each of these determinations in persons of this age gr®P- 
This is apparently the first study of normal values for tliese determinations m 
adolescents fifteen to eighteen years of age. 


REFERF.NCF.S 

la. Osgood, E. E.; Hemoglobin, Color Index, Saturation Inde.v, and Volume Me-x 

ards, Arch. Int. Aled. 37: (iSo, 1926. „ and He®a- 

b. — , and Haskins, H. D.: The Relation Between Cell Count, Cell ' O , 33 ; 

globin Content of the Venous Blood of Normal Young V omen, 

643, 1927. , pi. Volume and 

c. — , and Baker, E. L.; Erythrocyte, Hemoglobin, Cell ^ Am ’.T. D>s- 

Saturation Index Standards for Normal Children of .School Ag , 

50: 343, 1935. , oin 1935. 

d. Osgood, E. E.; Normal Hematologic Standards, Arch. Int. Mcu. , ‘ Yggjimcutafiaa 

e. — , and other.s: Total, Differential and Absolute Leukocyte „yi,iished. 

Hates for Healthy Children Four to Seven Year.? of Age. Rates w' 

f. Idem: Total, Differential and Absolute Leukocyte Counts and ^ j 

Healtiij' Children Eight to Fourteen Y^ears of Age. To be p „ bjj,gntatios Hates 

g. Idem; Total, Differential and Absolute Leukocyte '‘f „ ’,,i,iished. 

for Healthy Adults Nineteen Years of Age and Over, lo ^T^ifl-grential and -V*' 

h. Chuinard, E. G., Osgood, E. E., and Ellis, Dorothy M..- lofaa'S- 

solute Leukocyte Counts and Sedimentation Rates for He } 

To be published. , p , Volume au'i 

i. Idem: Erythrocyte Counts, Hemoglobin, Cell Volume, and L v]jg],e( 5 , 

tion Index Standards for Healthy Newborn Infants, io F A'olume, 

j. Osgood, E. E., and others: Erythrocyte Counts, Hemoglobin, een 

Volume and Saturation Index Standards for Healthy Adolcscen 

Years of Age and Over. To be published. p„mr Volume ae** 

k. Idem: Erythrocyte Counts, Hemoglobin, Cell Volume, and L > Qvcr. 

tion Index Standards for Healthy Female.s Fifteen Yc.ur 

be published. „ . T,ublislicd- u’.vcd. 

l. Idem: Reticulocyte Counts in Healthy' Newborn Infants, ^o ],g P n-’.iifl 

m. Idem: Icterus Index Determinations in Healthy Newborn gj.ig To he pa®. ; i,- 

n. Idem: Reticulocyte Counts in Healthy' Adolescent Boys p. Blahi’' 

2. Idem: A Textbook of Laboratory' Diagnosis, ed. 2, Phiiao I ‘i 

Son & Co., pp. 409-415 and 430-432. , . TTnnmtologv, San rrai«‘- 

3. Osgood, E. E., and Ashworth, Clarice M.: An Atlas of H • ■ . ^ 90: 

1937, J. W. Stacey', Inc., p. 255. , , . meJ, Scandi®** • 

4. Plum, P,: Accuracy' of Hematological Counting Methods, 

342, 1936. 


BIOCHEJriCAL OBSERVATIONS IN HYPOGLYCEJIIA INDUCED 
BY INSULIN*^ 


IV Some E\idences of Blood Concentration in Hipoglicemia 


DdmardF Rosenberg, M D Rochester Minn 


I N A REPORT of the behaiioi of the blood ^ases duiiii'r In pogrh ceima® I 
pointed out that the In pojrh comic state is fioquentl\ associated with the 
development of an increase in o\v gren cam in" capacitv of venous blood I 
stated that this niciease is piobablv due to hemoconceiitiation and that studies 
of the hemoglobin should leveal an increasing v due as In pogh cemia appeared 


concentration op HEVIOGLOBIN 


Method — Five patients were studied in the following manner At 7 00 a vi 
blood was drawn fiom an elbow vein and mcasuied qinntities of eNactlv 0 1 c c 
(Kahn pipette) weie iinmecliatelj tiansfcried to 20 cc of 0 1 pei cent solution 
of sodium carbonate in bottles nnpeivious to actinic ravs A “coma dose” of 
insulin was injected into each patient aftei the withdiawal of the first sample 
of venous blood Thcreaftei specimens of venous blood were collected hourh 
using the same piocecluie as above The hvpoglvcemic state was inteirupted 
at 11 am (at which time all 5 patients had been in hjT)Og]} cemic coma for 
approximatelv one and a half hours) bv the administration of 150 gm of 
sucrose in watei, tliiough a nasal tube Tlie noon meal was served and a final 
blood specimen was collected at 2 r vr The samples for hemoglobin deter 
nimation were then sent to the Section on Clinical Pathnlogv of tlie Mavo Clinic 
wheie they were exaniined bv the photoelectioinetiic method® (Table I) 

Poui of the 5 cases studied shflwed a definite use in the value of Iiemo 
globin during hvpoglvcemia (Pig 1) Tlic aveiage value foi liemoglobin 
begins at 12 9 gm pei 100 c c of blood at 7 a vi (86 per cent on a basis of 15 
gm foi 100 pei cent) and leaches a Ingh point of 13 8 gm at 11 a vr (92 pei 
cent) Thiee hoins aftei the teimination of the hvpogljcemia the aveiage value 
bad fallen to 13 2 gm , oi 88 pei cent The total use was 7 0 pei cent ovei the 
mitial value This is in agi cement with the oidei of increase in value of oxvgen 
capacity noted in mj data on the blood gases in hv poglj cemia 

Comment — Diabhin and Ravdin have published charts of the changes in 
hemoglobin values in dogs during hvpoglvcemia These chnits indicate that 
file hemoglobin uses 20 to 40 per cent dining hvpoglvcemia However tliese 


•From the Majo Founciatlon Rochester Minn , ,,, * 

In n ■^.^'‘^‘’fanent of thesis submitted to the Griduate School of The Unhersltj of Vllnnesota 
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workers used enormous doses of insulin (20 units per kg. of body weiglti, 
equivalent to 1,400 units in a man weighing 70 kg.) and tliese resulis slioiiM 
strictly" not be compared with our own observations, wliieh were aiade using 
doses of the order of 1 to 2 units per kg, of body weiglit. 

Wiechmann and Koch studied the variations in hemoglobin content of 
blood of human beings in relation to the intra-ocular tension in hypoglycemia. 
After injection of a “toxic” dose of insulin (150 units in one instance ami 
100 units in the second) into fasting patients, there appeared a considerable 
rise of the hemoglobin which fell after the taking of food. Their diath 
showed a rise from approximately' 14 gm. to 18 gni. in one instance. Tliis 
rise occurred over a period of five hours. A second chart pictures a rise from 
approximately 15.5 gm. to 18 gm. They believed that this change resulted 
from the perspiration which accompanied the hy'pogly'cemia. This observa- 
tion was restated in a subsequent paper b.v Wieehmami and Liang, 



Pig:. 1. — Level of hemoelobin of venous blood In rel.ition to bypoglj ceuiia in 


HEMATOCRIT AND THE RED CORPUSCLE COUNT IN HYPOGLYCEiUA 

In the two studies represented in Table II, the hematociit 
to increase as hypogly'cemia develops. The value of hematocrit 
main elevated above the original morning level late in the a 
a morning treatment. This tendency' to remain elevated was ^ 
studies of the ox.vgen capacity and hemoglobin in relation j,i the 

It suggests that the hypogly'cemic state is associated sags'' 

phy'siologic status of the organism wdiich persist for hom^s 
has been elevated to normal levels by means of the adminis ra j.(,] 3 fion 

A few observations of the red blood corpuscle count weie and 

to hypoglycemia (Table III). With these counts simultaneous 
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HeLATIONSIIIP op the VlLLE OP IIEMOOLOBIN TO THE lU POCLA CEIIIC STATE 


TIME 

' BLOOP SUGAR* 

1 nPMOGLOBIN 

PEP CENT HEMOGLOBIN 


' -If <7 per 100 co of 

Gm ler 100 cc of 

(15 gm = 100%) 


hlood 

blood 


Pntient 1 Coma dose of insulin 100 units at 

7 \ m 


7am 

1 107 5 

12 7 

85 

Sam 


12 7 

85 

9am 

21 0 

13 5 

90 

10 A M 


1-0 1 

86 

11 AM 

20 0 

in 1 

87 

2 P jr 

131 r> 1 

1 1-’ 7 

1 S3 

Patient 2 Coma dose of insulin 220 units at 

7am 


7am 

133 3 

1 1 th 

1 92 

Sam 


r j 

00 

0 A M 

20 0 

lio 

1 90 

10 A M 


n t 

so 

11 A M 

20 0 

1 n s 

1 92 

2pm 

' 104 7 

1 1 

80 

Patient 3 Coma clo«e 

: of insulin 120 units at 7 \ m 


7am I 

131 G 

1 { 1 

SO 

Sam I 


ns I 

92 

9am 

24 0 

lo5 

103 

10 A M 1 


14 i 1 

9( 

11 A M 

20 1 

14 4 

00 

2 pm 

111 1 

144 1 

96 

Patient 4 Coma dove of insulin 120 units at 

7am 


7am 

104 2 

11 ( 

77 

Sam 


11 7 

78 

9am 

20 0 

12 ^ 

82 

10 A M 


12o 

83 

11 AM 

23 0 

n 1 

87 

2pm 

129 0 

12 1 

81 

Patient 5 Coma do«e of insulin 120 units at 

7AM 


7am 

86 9 

1 1- ^ i 

SO 

8 A At 


' ns 

90 

9am 

20 9 

1 Is 1 1 

06 

10 A M 


lib 1 

92 

11 A M 

20 0 

146 1 

97 

2 pm 

100 0 

13 3 

1 89 


•Micromethod of Folin 


blood sugar studies were made In the'se studies the rise m hematocut AMth 
the appeaianee of Jijpogl^cemia nas lepeated, and theie uas an inciease in 
the red blood coipuscle count The extent of change in these counts, although 
stnctlj not laige enough to be of statistical significance, is ne^eitheless prob 
^bh accurate in these instances 

As a contiol of the abo’ve obsei\atioiis the follouiiig stnd\ nas made 
(Table IV) uithont admmistntion of insulin Thus, without insulin and 
^'ithout hj'poglj cemia theie is no significant change in the "value of hematocut 
of the red blood corpuscle count 

Comment— The finding of an increase in o\ 3 gen capacih and an increase 
the hemoglobin concentration of the blood diiniig hv pogh ceniia led to a study 
of the behavioi of hematocrit and the red blood count m relation to Inpo 
oHcemia 
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Table II 

Eelationship of Hematocrit Value to Hitoglyce.mia 


TIME 

BLOOD SUGAR* 


1 EKTTHROCTOS 


MO- per 100 C.C. of 
hlcod 

1 HEMATOCRIT READING) j 



April 4, 1937. Patient 6. 90 units of insulin at 7 A.M. 


7 A.M. 


2,38 1 

47.6 

8 A.M. 

80.2 i 

2,40 1 

4S 

9 A.M. 

67.S 

2.55 

51 

10 A.M. 

33.3 

2.6 


11 A.M. 1 

29.4 

2.6 


11 A.M. 1 

150 gm. sucrose by 

1 



nasal tube 



I P.M. 

162 

2.6 


4 P.M. 

Not clone 

2.55 


Patient 7. IGO unit.s of insulin at 7 A.M. 


7 A.M. 

120.0 

1 2.3 

1 45 

8 A.M. 1 

81.6 

; 2.32 

46.0 

9 A.M. 1 

40.3 

2.35 

47 

10 A.M. 

29.3 

A 

£..4 1 

48 

11 A.M. 

28.8 

1 2.65 

5S 

11 A.M. 1 

150 gm. sucrose by 




nasal tube 



1 P.M. 

133.3 

2.65 

I i)3 

4 P.M. 

Not done 

2.55 

1 ■ 


•Micromethod of Folin. 

tOn basis of 5 c.c. of 'vvliolc blood. 


Table III 

Eelationship of Hematocrit Value and Erythrocyte Count to Hypoqlvcemh 


TIKE 

BLOOD SUGAR* | 

HEMATOCRIT 

reading) 

erythrocytes I 

EBYTHEOerrE 


Mg. per 100 c.c. of 
Wood 


fols. percent ^ 


April 12, 1937. 

Patient 6. 90 units of insulin at 7 :45 a.m. 

- - — — T — 

In 


7 :45 A.M. 1 

88.1 1 

2.2 

9:45 A.M. I 

54.8 1 

2.5 

11:45 A.M. i 

25.0 

2.65 

11:45 A.M. 

150 eni. sucrose by i 

1:45 P.M. 

121.2 

2.55 

3:45 P.M. 

Not done 

2.50 


April 16, 1937. Patient 8. 100 units of insulin at 7 


7:00 A.M. 

95.2 

2,55 

9:00 A.M. 

55.5 

2.70 

11:00 A.M. 

23.7 

2.95 

1:00 P.M. 

129.0 

2.75 

4:00 P.M. 

Not done 

2.50 


3.65 

3.8? 



•Micromethod of Folin. 

tOn basis of 5 c.c. of whole blood. 

Klein and Knient have observed that after aclministTation 
hjTio&lyoeniic shock is pei’mitted to develop, evidence of 
appears. They found an increased red blood count, a ri.se ui 
an increase in serum albumin and dry substance 

They stated that these findings do not appear if the bloo giv« 

to hypoglycemic levels. Examination of their figuies, 
the impression that these conclusions ivere based on aiifi 

Only in one case did the rise in red blood count amount 0 
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Tablf IV 

CONTPOL OBSri\AT10V 


TIME 

BLOOD SUQ\r.* 

HFM \TOCPIT 

1 EVDINGt 

Er.\TIir^C\TES 

EPYTUPOC\TES 


Mg per 100 co of 


Vols per cent 

Mxllions 


blood 




April IG, 1937 Patient 0 Fasting 

— No insulin 


7 00 a M 

1 108 1 

24 

1 48 

1 3 51 

9 00 A M 

1015 

2 5 

50 

3 61 

11 00 A sr 

1 95 2 

2 45 

1 40 

1 3 46 

1 00 p jr 

114 0 

24 

48 

3 57 

4 00 p sr 

Not (lone 

2 i 

4b 

3 53 


•lllcromethod of PoUn 

fOn basis of 5 cc of whole blood 


Table V 

Ki LATioLsirip or Piasmv Ciilopides to H\poglvce\iiv 



BLOOD SLCXP* 

PI ^SMA CIILOIIDES 


21 g per 100 cc of blood 


Maj 20, 1937 

Patient 1 HO units ot insulm at 7 OU A sr 

7 00 A M 

83 5 

578 

9 00 A M 

312 

584 

H 00 A M 

20 0 

589 

Pitient 3 130 units of insulin at 7 

00 \ SI 

7 00 A M 


581 

9 00 A M 

33 3 

591 

11 00 A 

30 0 

GOO 

Xinj 27, 1037 

Patient 2 110 units of insulin at 8 00 a it 

7 00 A ii 

111 1 

595 

9 00 A M 

25 0 

COl 

11 00 A ir 

25 0 

610 

Patient 1 110 units of insulin at 7 

00 \ SI 

7 00 A ji 

108 7 

596 

9 00 A M 

27 5 

COS 

11 00 A M 

23 0 

C09 

September 7, 1937 Patient 9 60 units of jn«ulm at 6 30 a ir 

6 JO A sr 

87 5 

594 

8 30 A SI 

29 7 

037 

10 10 A M 

20 0 

018 


•lllcromethod of Polin 


tills amount is not sinriiificant in a single icadmg The Iieniatotnt changes 
Here soinenhnt nioie consistent but neie nesertlieless niosth of a small oidei 
A use 111 tlie led blood count might be expected in hjpoglj ceiiiia i£ we 
occept the tlieoii of iiicieased excietion of adienalin in hspoglj cemic shock 
Hoskins and Gnnniiig hate noted that injection of epinephrine causes contiac 
tioii of the spleen, and this noiild be expected to lesiilt in a rise in the red 
Wood count Irepiieido and Cannon hate reported an emotional poljctthemia 
111 cats, and Schneider and Ilatens hate stated that polt et themia results fiom 
injection of epinepliiine in man 

THE LEfEn OF CHI ORIDES IX TLAStlA DURING HiPOOL.t CEtllA 
The ohseitatioii of the occiiricnce of heiiiocoiicentiatioii in hjpogljceinia 
111 man, togethei tvith the maiked peispnation tvliich is often characteristic of 
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liypoglycemic sliock, suggested a study of the chlorides of the blood in oiir 
patients (Table V). 

In each instance the studies of Table V have shown a slight rise in plai-ma 
elilorides during hypoglycemia. These findings are in accord with other evi- 
dence already presented that a slight hemoeoncentration accompanies the hy- 
poglycemic state. 

SUMMARY AND CONCLUSIONS 


SI}' studies confirm the impression gained from considerable scattered 
evidence in the literature suggesting that the hnooglyeemic state is associated 
with definite hemoeoncentration. I have found a considerable rise in the 
values both for hemoglobin and for oxygen-carrying capacity of venons blood, 
and also distinct rises in the values for hematocrit and red blood corpuscle 
count. The levels of plasma chlorides in these same patients have regularly 
risen during hypoglycemia, and studies (made by Dr. Aneel Keyes) on thcrf 
patients have shown that in the hypoglycemic state the amoiiat of protein 
per unit volume of blood is increased. All of these findings indicate that 
water is lost from the blood, whei’eas erythrocytes, proteins, and some salts 
are retained. 
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THE INTRAMUSCULAR INJECTION OP VITAMIN K' 


Gienett Chpnf\, Ml) Svn PEiNCisco, CvLir 


I T HAS boon conchisivelv csfablislicd that a (hficiencN of \itamm K in tlie 
diet of iicnl^ hatched chicks nill lead to an abnotnialh piolonged blood 
coagulation time iihieli becomes manifest m tlie scioiid oi tliird neck of life, 
and iihich may be so pionouneed that fatal hemoirhage mil occui (foul heino 
phiha) The addition to the diet of \itamm k oi siihstaiiccs containing it, mil 
correct the blood coagulation defect mthiii thiee da\s time The basic studies 
leading to the elucidation of the nature of this iitamin deficenci disease base 
been earned out by Dam* ’’ in Copenhagen Dennmik and hi AlmqiiisU ** in 
Berkeley, California Rccenth, Alniquist* has isolatid the Mtamin and made it 
at ailahle foi use m pui o foi in 

Up until the time the picsent studies ueie begun titamm K had onlt been 
used orallt The biological asset of its effectiteness has been caiiicd out lit 
Almqnist* bt determining the amount of titamin in the diet ttliich ttas ncces 
sart to reduce the blood coagulation time to a noimal let el aftei three dats of 
feeding He set the uppei limit of the noimal coigiihition time of shed blood 
as tliirtt minutes, uliicli coiiespoiids mtli oiii otiii etpeiienee although the 
coagulation time is usuallt less than ten minutes The atcrage time for 25 
range birds of different ages was found to bo 6 1 minutes, 76 per cent of the buds 
being undei si\ minutes The tunc inteiials larud fiom one to thirts minutes 
Most of the eontiol birds laiscd in the laboiatoii haie a coagulation time of 
file minutes oi less Almqiiist found that iiniefined prepaiations of iitamm K 
Here effectiie at a lei el as lou as 10 mg pei kg of diet Sclioiiliei del has 
del eloped a moic complicated foim of biological assai ® 

The chief aims of the picsent stiidi iicie (1) to deteimine the feasibiliti of 
administering yitamin K hi inti amiiscuhu iniections, (2) the effectiie 
parenteral dose iiliieh might be lequired (3) the length of time it iioiild take 
such a dose to reduce the blood coagulation time to normal, (4) the toMciti of 
the product used, and (5) the application of the knoiilcdge obtained fiom inject 
mg ntamin Iv into buds to the pioblem of similaih treating human patients 
In Apiil, 1938, Dam and Glaiind” icpoited ler.i biicflj on the successful ad 
nnnistiation of iitaniin K, parenteralli , to buds and man, but failed to include 
ani eipeiimental data iiliich iiould liaie am beainig on questions 2 to 5 Thci 
state that this data mil be published at a latci date 

^rom me Department of Metl.clne stantorU Un.tef^itj Mdlcal Sehool San Francisco 
Recened for publication December 3 1938 
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Our chicks* were raised in the laboratory in brooders with screened doon 
The day after hatching they were started on a basal diet consisting of rice float, 
73 per cent; ether extracted fish nieal,t 17.5 per cent; brewer’s yeast, 7.5 pet 
cent ; cod-liver oil, 1 per cent ; and sodium chloride 1 per cent. The diet is 
deficient in vitamin K, but may not produce a marked hemorriiagic tendency 
unless the yeast is also extracted with ether. Great care must be exercised in 
keeping the cages free from droppings, as the feces are commonly ingested and 
may contain enough of the vitamin to prevent the dex'elopment of the desired 
defieienc 3 L With the exception of 3 birds to be noted later, all the chicks wd 
in our experiments were 3 or 4 xvecks old, and as the tables show, the great 
majority shoxved a prolonged blood coagulation time. In any series of birds 
studied, the time wdll vary from normal in an occasional bird to over twenty- 
four hours. This may in part be due to the individual susceptibility of different 
birds, but is probably due to the fact that normal coagulation times ocenr^ o ow 
ing spontaneous and nonfatal hemorrliage. This probably also * 

frequency of normal coagulation times as the birds get older and t c s rnni, 
cyclic variations observed. Because of this beneficial effect of blee nio ^ 
hemophilia, the birds must be studied in groups and not singly, inor er o 
termine the extent of the bleeding tendency. For the blood coagn a 
5 to 8 drops of freely flowing blood from a wing vein puncture vers ree 
into small clean test tubes whicli had been rinsed with norma sa 
The tubes were allowed to stand at room temperature, and V 
considered complete when no flow of blood occurred on inverting f ® 

The Injection of Vitamin K in Chicles . — -Vitamin K is a 
stable sterol, and the preparation used had the appearance o a ‘ j,, 

It was supplied by Eli Lilly and Company, and was \ 

December, 1937, by Dr. H. J. Almqnist, as being active gybstance 

of basal diet. It contained 270 mg. of vitamin K per c.c. o t le i 
Just preceding our first injection experiments with vitamin 
preparation gave complete protection when fed at a leve o o 
diet, and that the coagulation time of the blood was noima |j,to the 

second day. All the injections were given through a hjTO wiil’ 

breast muscle. Necessarj’^ dilutions for injections in m xapifll’’ 

petroleum ether. No local reactions occurred. Very avg® jjjjectioKS of 
fatal in chicks, and in three instances death occurred altliO«?'i » 

small doses. Autopsies failed to show the cause of the a passcii 

some, hemorrhage into the liver suggested the injec mg 


through the rib cage into liver tissue. 


of ritaann 


If (fl-" 
was 


Table I shows the results of injecting fairly large ■oreparafio’’ 

mg. and 2.7 mg.) intramuscularly in 25 chicks. The vi ^ jiirds 

autoclaved before injecting it into the first 17 chic s. ^ tk£ 

varied from 17 days to 28 days, and the weight J*" of fi'C 
older birds being heavier on the average. The 
at three weeks of age was about 100 gm. Where initial blood 


II of 

rilif fo"' flonatinS a 

*We are indebted to PoeWmann Hatcherj’ In Petaluma, 


eweks used^ln thisjork.^ Dr. H. J- /Imaulst of the University of 
the supply of extracted fish meal used m the diet. 


California at BerUdcL 


fot 
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Tablp I 


THE Effect of Vitamin K Apministepcd Inti vmi scularl^ in ErpuciNC the Coagulation 
Time op the Blood op CiiicKt, With Foml Hemofhiliv 


BIRDS 

AGF 

DMS 

INITIAL CO AG 
ULATION TIME 

VITAMIN K 
AMOUNT 

CUAGILATION 
1 HR 

TIMES AFTER INJECTION 
0 HE 25 HR 

Group 1 







\r 82 

17 


0 5 mg 



10 

XI 90 

17 


( 5 nig 



7 

\r 73 

17 


b 5 nig 



1 

\r lOG 

17 


0 5 mg 



3 

XI 75 

17 


0 5 mg 



4 

Group 11 







\I 98 

20 


2 7 mg 


5 


\I 30 

20 


2 7 mg 


1 


XI 91 

20 


2 7 mg 


5 


Xr 97 

20 


2 7 mg 


2 


XI 87 

20 


2 7 mg 


2 


XI 89 

20 


2' mg 


2 


Group 111 







\I 35 

27 

50 

2 7 mg 

n 



XI 12 

27 

2o 

2 7 mg 




\r SO 

27 

11 

2 7 mg 

0 



xr aoi 

27 


2 7 mg 

* 



J.I 11 

27 


2 7 mg 

c 



XI 24 

27 


2 7 mg 




MI 100 

21 

01 

2 7 mg 

21 



MI 107 

21 

102 

2 7 rag 

• 



MI 108 

21 

52 

2 7 mg 




MI 109 

21 

>0 liour<5 

2 7 mg 

( 



MI 110 

21 

>0 hours 

2 7 mg 

10 



MI 111 

21 

>0 hours 

2 7 mg 

-3 



Xri 112 

21 

>0 liours 

2" mg 

15 



XII in 

21 


2 ■ mg 

s 




of the groups aie not recorded, abnormaJlj piolonged blood coagulation times 
uere established for the A\IioIe group b\ bleeding n number of ehielcs which did 
not lecene Mtamm K Group I shows a normal blood coagulation m each of 5 
birds twontj foiu hoius after locening an injection of 6 5 mg of the \itamin, 
the times Aaijing between one and ten minutes Similnilj in Group II) normal 
times weie found in 6 birds which recei\ed 2 7 mg of \itamin IC each Not 
onlj Avas the dose smaller foi this gioup, but tlie coagulation time was tested at 
the end of si\ homs instead of twenty four houis In Gioup III, 14 chicks 
recened the same amount of Mtamm K mtramuseulaih , 2 7 mg , but the blood 
roigulation times wcie tested just one hour after the injections Thej were 
well und{,i thiiti minutes in all but 2 birds m which the times were thiiU two 
minutes aud tweixt> nine minutes and ranged from two to twentj three minutes, 
the aieiage foi these 12 chicks being 10 6 minutes In 11 of these 14 birds, 
initial cosgulation times weic taken before the injection of \itamin K, and 
weie longer than thiit\ minutes m ail but two instances The prolonged times 
'■nied fiom fiftj minutes to longer than six hoius Tabic I shows the marked 
reduction m blood coagulation tune which took place m cacli bird These experi 
ments in these thice gioups of chicks strongh suggest that large doses of \itamin 
Ivguen intiarnusculaih will i educe an abnoiniallA prolonged blood coagulation 
time to the normal range within one hour 
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Table II 


Evaluation of the Necessary Amount of Y''iTA5nN K Given Intramuscular^ to Rebut 
THE Blood Coagulation Time to Normal in Chicks With Fowl Hemophiua 


BIRDS 

AGE 

DAYS 

initial 

COAGULATION 

TIME 

VITAMIN 

K 

AMOUNT 

COAGULATION TIMES 

AFTER INJECTION 

1 HR. 6 KR. 24 HP- 

Group IV 






XI 48 

28 


0.27 nig. 


S’ 

XI 103 

28 


0.27 mg. 


V 

XI 109 

28 


0.27 mg. 


29' 

XII 114 

21 

94' 

0.27 mg. 

32' 

22' 

XII 115 

21 

40’ 

0.27 mg. 

7' 

7' 

XII 110 

21 

6 hours 

0.27 mg. 

8' 


XII 117 

21 

33' 

0.27 mg. 

28' 

10' 

XII 118 

21 

13’ 

0.27 mg. 

10' 

5' 

XII 119 

21 

10' 

0.27 mg. 

4' 

X/ 

XII 120 

21 

0 hours 

0.27 mg. 

12’ 

12' 

XII 121 

21 

40' 

0.27 mg. 

5' 

6' 

Gmip V 






XII 151 

20 

48' 

0.135 mg. 

6' 


XII 152 

20 

>5 hours 

0.135 mg. 

Bead 


XII 153 

20 

>5 hours 

0.135 mg. 

32' 


XII 154 

20 

>0 hours 

0.135 mg. 

77' 


XII 155 

20 

>5 hours 

0.135 mg. 

54' 


XII 150 

20 


0.135 mg. 



XII 157 

20 


0.135 mg. 

S' 


XII 158 

20 


0.135 mg. 

11' 


XII 159 

20 


0.135 mg. 

33' 



Table II records the blood coagulation times in 20 eliicks recehing sina^ 
doses of vitamin K liy injection, 11 birds in Group IV receiving 0.27 mg-i 
9 in Group V receiving 0.135 mg. Initial times were taken in 13 ^ 

but 2 being definitely prolonged. The findings in Group IV show ( 
dose of 0.27 mg. is effective in twenty-four liours (3 birds) ; (2) 1 '*'> | 
effective in one hour (8 birds) ; and (3) that the average 
only slightly shorter six hours after injection than at the ^ 

(7 birds). The average time at one hour Avas fourteen minutes, an 
was nine minutes; an apparently definite reduction appearing m ' 

In one bird (XII-116) the blood taken at the si.x hours of 

coagulate, presumably due to a technical error. In Groiip , ■ 
vitamin K proved effective in reducing the blood 

hour, but in only half the cases Avas it reduced to less tl.an t ni 5 n ^ 

the first 5 birds of the group initial coagulation times Aveie ev® 

these Avere greater than 5 hours, consequently maiked reductions ^ 
though normal figures Avere not ahvays reached. One bird die f g showed 
ing the injection. Of the 4 birds not bled before giving and 

a time under thirty minutes (22, 8, and 11) one hour after inje 
fourth was onlj’ thirtj^-three mimites, so that it seems impro a j.ggults of 
alone could have materially altered the times in the first 4 . ®' g. jnfra- 

tliese experiments indicate that the minimum dose of Adtanun 


muscularly, Avhieh is highly effective AA'ithin one hour, hes e 
and 0.27 mg. 


0,135 wg- 


The injection of very large doses of vitamin x-- “‘"T j 
is apparentl}' fatal. Tavo birds I'eceiving 54 mg. (0.2 e.e.) i 


in K intrainuscularly^>n_^^!^j^ 
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\uthm Si\tj seconds Four othei buds icceued 27 mg (01 cc) ubicli made 
them ’very icstless and excited One of thein died in violent convulsions ten 
minutes latei 

The effect of hemorrhage on the coagulation time of chick’s blood is extremely 
important and must be considcied in c\erj expeiiment, as the loss of even a 
small amount of blood inaj gieath i educe the time inthin a short period of ob 
senation This has been lecognized dm mg the thiee jeais tliat the iviiter has 
been studying the blood of chickens, coiisequeiitlj , the senes of expeiiments 
recorded in Table HI and Pig 1 neie deiised to tij to obtain some accuiate in- 
formation on tins subject Group VI in this table is compiised of eight 23 day- 

Tible III 


The Effect of Blood Loss Upov the Covculation Tivf of Chicks Marked Reduction 
^ tiTiiouT TirE Admimstpvtion op Vitamin K 


BlFDS 

age 

DUS 

tOAGLI \TION llilE 
urn FE 

IMTIU EIEEDINO 

COAGULATION 

TIME 

1 HR LATER 

Group VI 

XII 78 

23 

248 

57 

XII 75 

23 

>5 hours 

17 

XII 80 

23 

245 

17 

XII 74 

23 

124 

30 

XU 70 

23 

>5 hour^ 

13 

XII 72 

23 

>o liours 

2 hours 

XII 70 

23 

>0 hours 

2 lioura 

XII 73 

23 

>0 hours 

45 

Group VII 

21 

GO 

62 

70 

22 

60 

24 hours 

24 hours 

23 

60 

6 hours 

12 hours 


old chicks, all of nhicli showed verj piolongej coagulation times at the initial 
bleeding Contiaiy to the procedure employ od lu the prcMous gioups, no 
effort was made to control bleeding iii these birds, so that most of them oozed 
blood continuously dining the liour befoie the coagulation time was again 
tested None died howe^er In coiitiast to this group, the 3 oldei (2 months) 
and laiger (600 gm , 490 gm , and 520 gm ) buds of Gioup VII were initiallj 
bled onlj the 5 drops usuallj obtained foi the coagulation test, and then had 
continuous pressuie applied to the incised wing vein until oozing of hlood 
ceased Thej w ere also retested at the end of one houi As the table show s, 
the smallei buds winch bled freelj, losing a pioportionatelj laigei amount 
of blood than the older buds, all showed a inaiked i eduction in then blood 
coagulation times, and m half the cases this i eduction was actually down 
withm the normal lange, although bejond the a\erage normal findings The 
3 largei birds, losing -seij little blood, showed no lednction in their piolonged 
coagulation times It is obMOUs that there is a qiiantitatne relationship be 
tween the amount of blood loss and the degtee of reduction of an abnormal 
coagulation time, and that a ^eI,^ small blood loss will not alter the time, 
"lule a large loss may i educe it to normal even within the peiiod of an hour 
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Fig. 1 records graphically the reductions in coagulation times at ten-mimte 
intervals for an hour following the injection of 1.35 mg. of vitamin K into i 
chicks, as compared to the same experiment in a chick which received no vitamin. 
Every effort was made to staunch hemorrhage between bleedings. The coiirs? 
of events is similar in both experiments, with times of thirteen minutes or less 
at the end of thirty minutes and of six minutes or less at the end of one hour. 
The reduction to a five-minute time, ten minutes after receiving vitamin Kin one 
chick, may be due to a technical error, but a repetition of this experiment in 
another chick showed a reduction from an initial coagulation time of over two 
hours to sixteen minutes, ten minutes after the injection of 1.35 mg. of vitamin 
K, with a rise to twenty-eight minutes, twenty minutes after the injection. 


TIME AT INTERVALS OF 10 MINUTES 
10 20 30 40 50 60 70 



Fie. 1.— Comparison of tlie effect on the blood coagulation time of 

K in two chicks to one control without vitamin Iv. smuiai 




The time was only two minutes at the end of one hour. Here again ic 
blood loss in lessening prolonged coagulation time in the chick is 
similar to that produced by the injection of a large amount of vitamin 
The Infection of Vitamin K in Man . — The same preparation of 
used in chicks was injected intramuscularly into the right upper arm o 
philiae patient in a dose of 1.0 c.c. two weelvs after it had last been 
active in chicks. It was autoclaved the day before using it, which q 5 

it to about one-half its original volume, 1.0 c.c. containing appicxi 
gm. The injection produced moderate tenderness and 
systeraic reactions. As Fig. 2 shows, the blood coagulation times and 

fore the injection and hourly for three hours thereafter, then at took 

then daily for four days. No significant change in the time o Initial 

place, although it was only one hour on the second day , octivih’ 


letivih’®^ 

lime 01 twu I1UIU5 uiiu luriy juiiiuius. ivuujig i.***-" — i- - be eompld*^^f 

the v'itamin was again assayed against chicks and was found to e ^ ^ 
active. It ivas then discovered that the entire supply o via 


place, aiuiougii ii. wus oiiiy one noiu on luu ^ 

time of two hours and forty minutes. During this experimen 

. , . , to be comi 
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adicrtentlj been left out of the icebo\ b\ the technician foi scveial dajs befoie 
this experiment xvas started This maj haxe caused its loss of potenej 

As a fresh supply of actne xitamin K became available foi use a month 
later, thiough the coiutesx of the Abbott Laboiatoncs, the expeiiment x\as re 
peated using the first obsenations as .1 contiol This time a dose of 100 mg of 
iitamin K in 1 c c of sesame oil uas gixen to the same patient intramusculailj 


DAY OF EXPERIMENT 



Fla 2 — BIooC coasulation time stuUies on a hemopliiliac r iving too separate inJecUons 
or vitamin K In the lonaoi experiment the vitamin vvna piobiblv inactive No benenclal 
effects 


This dose ^\as selected on tiic basis, that it a 100 Rtii cluck lequircd 0 2 mg, a 
50 kg patient ^\ould icquuc 500 times this amount oi 100 mg , pio\iding a bodj 
'weight dosage basis m birds can be applied to luiman lioings No nntoAvard local 
or general leactions occurred foIlo\\ing this mtiamusculai injection of Mtamin 
Iv, or folIoA\ing t'lvehe others guen at latei dates I'’ig 2 shows that the blood 
coagulation times, followed as in the first c\p(t]mcnt were of appro'cimatelj 
the same magnitude, and that no significant change m time took place o^er a 
period of four days Aftei this experiment the Mtnmm picpaiation used was 
a^sajed and found to be actne at about a 50 mg per kg of diet le^el 

It maj be concluded from this experiment tliat \itamm K ma\ be safclj 
iniccted into man in the same piopoition.atc dose as in chicks, but tliat no rapid 
reduction in the blood coagulation time occuis in human hemophilia as iii \itamin 
K deficiency in fowls Howeser, in a subscciucnt expeiiment in this same patient 
the coagulation time was icduccd to noiinal (ten minutes) witlim tlic ten days 
following the injection of 0 7 mg of xitamm K in sesame oil As tins patient’s 
blood had been examined a numbci of times oicr a period of seien and one half 
'cars, and the coagulation time had nexci pie\ioush been less than one Iiour, 
it IS hardly likely that the de\elopn\cnt of a noimal coagulation time for the 
first time was only coincidental The details of this expeiiment, together with 
othei similar ones, will he lepoitcd elscwhcic 

DISCUSSION 

Vitamin K dcfieiciici m chicks known as fowl hemophilia inai bo readily 
produced in the laboratory, pioMdmg stiiet attention is paid to the tx-pc of diet 
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used and the housing conditions of the birds. Once the deficiency is prodnced 
in a large number of chicks, it is possible not only to study the nature of tie 
blood dyscrasia, but also the effect of vitamin K upon it. It has been shorn in 
Tables I and II that the hypodermic injection of this vitamin intramuscularlv 
is highly effective in a dose as small as 0.135 mg. per chick of about 100 gm, 
of weight, and that the reduction in the blood coagulation time takes place mlh- 
in the period of one hour. It is nontoxic in relatively small doses in cMcb 
and in man. 


Great care must be exercised not to confuse the effect of hemorrhage in re- 
ducing the blood coagulation time with the similar effect produced by the ad- 
ministration of vitamin K, as has been shown in Table III and Fig. 1. An ap- 
preciation of this fact is of the utmost importance in interpreting the results of 
vitamin K therapy'- when an initial coagulation time has been obtained, as a rt- 
duction in the time may he due either to the initial bleeding or to the vitamn, 
even when a relatively very small amount of blood has been removed. An exact 
quantitative relationship has not ymt been determined, but if only a ferr drops 
of blood are shed and subsequent bleeding is well controlled, hemorrhage alone 
is probably not the sole cause of a marked reduction in the blood coagulation 
time. It should also be noted that once birds on a diet deficient in vitamin E 
have been bled and have survived, the blood coagulation times may lo®™ 
normal for weeks, rendering the chielts useless for further experiments, nf 
chicks with prolonged coagulation times rebled three weeks later all showe 
normal times which ranged from one to thirteen minutes. 

The truly remarkable effect of vitamin K in reducing the blood 
time of chicks from many hours to a few minutes within one hour afhr 
injection is paralleled by an extraordinary clinical observation. ^ 
fowl hemophilia tend to bleed eontinuou.sly' after the wing vein is jj 

not infrequently succumb from fatal hemorrhage within one or more 
these birds are promptly injected with adequate doses of vitanun 3 
initial bleeding, hemorrhage from the wing vein stops almost 
was observed again and again, and at the time the 8 birds were e 
VI, a similar control group was also run, the only difference In 

birds received injections of vitamin K directly after the initia 
this control group not only was there not anj'^ gross blood ^ ° ^.jngs 

cage one hour later when the second bleeding was performe , 
were not spotted with blood, and the previously* incised veins eu- 

clot. Of the birds in Group A^I which received no vitamin , ‘I , {he 

dence of free bleeding at the end of the hour, 2 were almost mori gpgn-ed 
floor of their cage was covered with blood. Some of the vmg i®- 

no evidence of blood clot. Apparently vitamin K pro uces a 
mediate effect on the blood vessel wall or on the surrounding ms 
tends to arrest hemorrhage, even before any constant reduction m 


tion time can be demonstrated. 


blood coag«l3' 

L tiilic \j.^ni\jxiiyvxayvx^\x, li'l’n hilS 

The nature of the blood coagulation defect in if ipbis 

designated as a quantitative defect in prothrombin by Qmc '■ ^^^^{ion. 

gator's data and the interpretation thereof are certainly open 
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Studied relatnely few buds on a defioent diet, the coagulation times of these 
bj^rds Mere actually normal (under thiitj minutes) in most instances, and spec, He 
da a on normal control buds m h.s sene, aie eonspicuously lacking L has 
not considered the effect of hemorrhage on either the coagulation time or the 

(fheimolabile globulin) i, apparently deficient in these birds, uhich is in ac 
cord Mifh the obseriations of Chenei and Ranfz” in studjing this problem 
there ,s no positive evidence wlmlsocie, that a deficiency in piothromhin is in 
i se?n/te specific cause of the hJood coagulation defect The almost e\plosueK 
beneficial effect of an injection of \itamm K can hardh be e\p]ained on the basis 
0 a sudden flooding of the blood stream fiom some hidden source with a special 
form of globulin, paiticularh when the blood loss from the initial bleeding m 
some buds must deprne the bird of considerable blood globulin rathei than 
tend to increase it A marked loss m globulin in chicks vith foi\l hemophilia 
ma> nell be part of a gencial diminution m I>Iood proteins dependent on their 
restricted diet, on blood loss, oi on some alteiation in thtu metabolism As no 
complete blood piotem studies on clucks are available this question cannot jot 
be settled As long as the nature of the noimal blood clotting mechanism le 
mams m doubt, it is most difficult to mterpiot the abnoimal, but it seems possible 
that the relationship of Mtamin K to blood clotting m i\ tbrou some neii light 
on this uhole subject 

The application of the findings in foul hemophilia to blood djscrasia prob 
lems in human beings ls bejond the scope ot this icport except uhere it has 
been shown that the paienteial administration of Mtnmin K to patients is 
feasible, and that no response to the iniection ot this \itamin occurs in human 
bemophiha comparable to tliat in the chitk In 1916 the wiiter found that feeding 
a Mtamin K rich diet to 2 patients with hemophilia was without effect, and this 
as been reported bj Dam/^ but the case herein icportcd is apparenth the first 
to be treated bj injections of this \itamin A number of papers are appearing 
m the literature'’ stating that heinoiihagc in jaundice is due to a quantita 
five prothrombin defect dependent on a dcficicnc\ m Mtamin K, but there is at 
present \ery little basic woik to establish such a lelationship so that clinicians 
should be most warj of using Mtamin K theiapeiiticallj , except on pureh ex 
perimental grounds 


CONCLUSIONS 

1 A single intiamuscular injection of Mtamiii K in clucks uith a prolonged 
’ ood coagulation time due to a diet deficient in \itamiii K (fowl hemophilia) 
'ull reduce the time to noimal uithm the pcnod of one hour 

2 The minimum effective dose in one houi bj injection is between 0 135 mg 
and 0 27 mg m thiee week old chicks, weighing approxunatelj 100 gm 

3 Blood loss maj also reduce the prolonged coagulation time of fowl hemo 
Pbiha to normal 

4 The intramuscular injection of \itaiiiiii Iv in man is apparentl.\ a safe 
procedure No certain indications for its use ha\c jet been established, but it 
^aj pro\e of -value in cases of jaundice which tend to bleed 
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LYMPHOSARCOjMA op the SIEDIASTINUM (MALIGNANT 

THYMOMA)* 

A Clinical and Pathological Study With Case 
Report of a Child 

Edward J. Bomze, M.D., and Jack D. Kirshbauji, M.S., M.D. 

Chicago, III. 

’UMORS in the mediastinum originating in the region of the 
are compai’atively rare, especially in children. In a series of > _ 


1929, to 


five autopsies performed at the Cook County Hospital from of 

June, 1938, four cases of malignant tliymoma were encoiintere , 

0.036 per cent. One of these eases, the one liere reported, occiine ^ 
Symmers^ in 1932 reported 25 cases in a series of 17,000 autopsies, 
of 0.14 per cent, while Crosby® in the same year reviewed 1 
literature (including his own case) of malignant thymoma. 


PATHOLOGY' 


the classification 


There is some controversy among authors as to t le pjoposed arc 
nomenclature of malignant thymic tumors. All the classi oa m 

*From the Department of Pathoiogj'. Cook County Hospital. CiiicaS 
Received for publication, December 6, 1938. 
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based on tlie essential cell tjpe oi on the tlmnic constituents fiom which the 
tiinioi* originates The simplest and most geiieiallj accepted one is that of 
Ewing,” who subdnides these tumois into three gioiips as follows (1) L-\mpho 
sarcoma, which is composed of small loiind cells and aiises fioin the small 
thjTnic IjTuphoejtes oi thjTnoe\tcs This is the most fiequent hpe of tumoi 
which usually occius in childien, and is characterized bj a limited tendency to 
metastasis, usually to neighhoimg stiiietuies (2) Caieinoma aiising fiom 
the epithelial cells of the tlnmic leticuliim and oceiniing m indiMdiials past 40 
.leazs These resemble gzossh the Ijmphosaicoma but aie maihedl} ladio 
resistant (3) Spindle cell saicoma, in which the tiimoi takes its oiigm fiom 
the scant} connectnc tissue stioma of the tinmus This t^pe is \er'v raie and 
oceuis m mdniduals undei 40 jeais 

Andrus and Foot^ elassif}' thjmomas as nonmalignant and malignant sub 
duidmg the malignant foims moie stuctlj on tlu bisis ol basic cell form into 
the following se\en groups (1) th}Tnoc\tic oi hmphoc\toid t^pe, (2) large 
celled 01 Ijnnphoblastic t}pe, (3) th^mie icticnlum cell fip^? (-1) peiithchal 
t\pe, (5) gianulomatous tjpe, (6) epithelial oi cucinomatous hpe and (7) 
teiatoid tjpe 

Evans, ^ in discussing his case pioposes a chssiht ition similar to that of 
Ewing, but in addition subduides the hmiphosaicom it »us loim into two ta^pes, 
fiisf, those which aio composed of masses ot Kinidioi I tissue sepninttd h\ con 
nectne tissue sUands and, secondh, those tumois in w'ucli there is a resemblance 
to Hodgkin’s disease showing giant cells and eosinopljiJL ]encoc\tes 

Ewing’s classification to us is the simplest 4ind most logical one Host 
nutliois, howe^ei, agice on one point, that the tlninoma liistologicalh is chaiac 
tenzed bj the marked pol^moiphism of the cells and the gieat ^a^let} of stme 
tuial foims 

SVMPTOWS 

The clinical pictuie is not absoUUeh chai utcustic but if tlie condition is 
kept 111 mind, an ante moitem diagnosis is not dithiult The onset of s-smptoms, 
which occurs eailj in the couise of the disease ma\ be uslieied in giaduallj oi 
suddenly The most common symptoms aie those of compicssioii such as cougli, 
orthopnea, attacks of djspnea, and hoaisencss A swelling ma\ appear m the 
lowei part of the neck, with a sense of oppicssion beneath tlie steiniim, and in a 
few cases substeinal pain is noted Latci the effects of compiession piedominate 
the clinical picture, causing ejanosis, distention of tlie supeifieial chest %eins, 
edema of the face, neck, and oeeasionalJ^ of an aim Respiration becomes i isiblj 
difficult, and an area of dullness beneatli the iippei Iialf of the sternum occurs 
Fluid maj appear on one oi both sides, and theie ma^ be signs of compression of 
one or both apices of the lungs When the tuinoi becomes laige, there maj be a 
difference in the pulse and blood piossuie between the two uppei e\tiemitics 
The \iaj and fluoioscopic findings are ^cl^ charactciistic and ic\eal a 
'Widening of the uppei mediastinal shadow A biopsy ma} be taken if the 
tumoi piesents itself in the neck m oidcr to establish oi confiim the diagnosis 
The prognosis of thjmie tumors is pool nowe\ci, se\cial ciucs ha^e been 
reported Since the h mphosaicomatous tjpe is ladioscnsitue, ladium has been 
™pIo}ed, and Cutlei® lepoits a case elmieallj well se-veii jeais after the onset 
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of symptoms. Cutler states, “Usiiallj'^ those tumors ■which respond lapidh are 
so highly malignant that thej^ are accompanied by a grave prognosis ’’ 

Of the 4 patients with tlij^mic tumor encountered in our niateiial, 3i\ereof 
the Ijunphosareomatous type, ages 58, 53, and 12, respectn el}', andonevasa 
carcinoma in an individual aged 37. Because of the rarity of malignant 
thjTiiomas in children, we are reporting the following case. 


CISE REPORT 


The patient, aged 12, was brought to the Cook Count} Hospital, April 19, 1935, -ulier 
ing from extreme d}spnea and c}anosis He died iihile being examined The mother -laid 
that he had been at the Children’s Memorial Hospital for the same trouble seieral uerh 
previously and had been discharged improved on April 11, 1938 The historj, as obtaiDd 
through the kind courtesy of the Children’s Memorial Hospital, was as follow' He 
patient, a white boy of Polish descent, was brought to their dispensar} on March 21, 
at wluch time the mother stated that the boy had been perfectl} well until si\ days preu 
ously (March 21, 1938). At that time he began to cough slightl} and had much difficnltv m 
breathing A swelling in the anterior and loner part of his neck became visible Aphyieiaa 
was called on the morning of hlarch 27, 1938, the sixth day of s}mptoms, and his illae ■ was 
diagnosed as diphtheria 

The patient n as immediate!} taken to the Municipal Contagious Hospital and there given 
diphtheria antitoxin Following the administration of the antitoxin, an xra) examination 
was made; this showed a mass in tlie chest. The patient was then referred to the Chd reus 
Memorial Hospital. B} this time he was ver} d}spnoic and somewhat c}anotic 

Physical examination revealed a severel} dyspneic, somewhat ^ 

child in acute respirator} distress. There was a large, nontender, sliarplj 
mass in the th}Toid area of the neck Tw o large dilated veins in the skin of t le 
seen to come from under the steinoclavicular region and pass up to the chin 
dullness, especially to the left of the sternum and to the left of the spine, wit i 'om 
B reath sounds were suppressed in these aicas There was an inspirator} an appeared 
tory stridor Temperature and blood pressure readings were norma! le 
well nourished and w ell dev eloped. , xnre 

Laboratory Lxamination- Urine was entirel} negative, the examination- 

negative. The Wassermann, Kalin, and Kolmer tests were negative °° ,pj,g yood fnd 
were done on numerous occasions because of the sti ong possibilit} of leucemia 
mgs are noted in Table I, 

Tabie I 

Blood AYork ----- 


Per cent 
80 


3/27/3S 80 4,080,000 24,800 84 12 ^ , 

3/28/38 14,800 77 IS ^ 

3/30/38 9,100 48 52 

X ray Ex j 

3/31/38 90 4,700,000 5,000 54 15 

4/11/38 6,100 S7 12 -L ^ 

A sternal bone marrow puncture revealed m 500 cells counted l.v“P ^^[jnirtloc.vtf 
cent; segmented neutroplules 29 6 per cent, stab neutroplules 21.4 p2 ty 

8 per cent; neutiophilic m}eloc}tes 6 0 per cent; eosinophiles 
blast forms 1 per cent, mature eosinophiles 0 2 per cent; monocytes 
nucleated elements 0 8 per cent. upper media'*'”'!®! 

An xray examination of the chest revealed a dense tumor mass hyperaeraled, a” 

predominantly on the left side and anterior to the trachea The 
there was accentuation of the bronchial markings below each lung as 


PIFFEREXTIAL COUM' 
I LVVIPH I MOXO I 
Per cent 
I 12 I 1 
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Clinical diagnosis T\as not definitely made The predominating opinion however, was 
that the patient was suffering from (1) lymphatic leucemia (aleuceraic pln®e), uith formation 
of a mediastinal mass or (2) from a mediastinal tumor of unknown origin 

Course On March 30 following \ mj tleraiy (190 roente,en units for five minutes), 
tie tumor mass decreased in size about 40 per cent and tlicro was less emphysema of the 
lungs Howoier, wl en another \ ray film was taken on April o ten day« later the tumor 
shadow was 1 cm wider than on the previous examination but 3 cm narrower than when 
fifst visualized The patient was discharged from the hospital April 11, 1938, frequently 
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returning to the out-patient dispensaiy. He lemained well for a ^\eeh, and' then -iuiMe* 
developed respiratory distress and cyanosis. He was rushed to the Cook Count) Hospital ad 
died while being examined. 

Post-Mortem Findmgs: The autopsy was performed one and one half hours after ibalt 
There was a marked cyanosis about the head. The essential pathologic findings vete mhd 
to the thorax. The left pleuial cavity contained about 150 cm, of a clear )e!lon fluid. Tie 
anterior mediastinum was completely filled by a large, firm, rubbery tumor nui‘-s, incaiuiuij 
17 cm. in vertical diameter, 10 cm. in transierse diameter and 10 cm. in anteropohenor 
diameter. The mass was adherent to the peiicardial sac, extending donnuard to the .ipinl 
region, and upward to the level of the thj-roid cartilage. It slightly compressed the ape\ of tie 
left upper pulmonary lobe and the left main bionchu.s, and completely encircled the trachea, 
thereby compressing its lumen (Fig. 1). On the posterior aspect of the trachea the tumor 
foimed a plate, measuring 8.5 by 4.5 cm. (Fig. 2). On sectioning the mass nas pale graj laa 
in color, irregularly lobulated, and mottled nith pinhead to 2 cm. in diameter dark purple lel 
areas. 



The bifurcation lymph nodes were enlarged up to 20 mm. in diameter, mi, J 
matted together, their individual outlines were still discernible. On of 

was purple gray W'ith multiple hemoriliagie areas scattered throughout, 
trachea and mam bronchi was covered by a frothy blood-stained mucus. 

The left lung was subciepitant tin oughout, and on the anterioi purpb 

ous hemorrhagic areas up to 8 ram. On .sectioning, the cut suiface nas un jindinj!' 

gray and moist with blood. The right lung was similar in appearance, 
showed nothing unusual. _ . ,],o«cil » 

Microseoptc Examination: Sections from the tumor in the ooPs of Ilf 

uniform and rather monotonous picture made up of a diffuse prolifera.tion o j 

Their nuclei for the most part filled^ ^ '^f.„q^ently 


lymphocyte type (Fig. 3). 


very narrow rim of cytoplasm. One cell bordered on anotlier and ^'as y'o 

by fine fibrils which stained steel blue with Azon stain. No niitotic^ single 

clear-cut HassaU's bodies were seen in these sections, hut in gperafed porlle“' 

epithelial cells, reticulum cells, and structures resembling fragmen c 
of Hassall’s corpuscles could he seen. centers 

Sections of the spleen revealed large lymph follicles nith igucocrte' 

tainlng single swollen mononuclear cells, and single polymoipion 
sinuses appeared markedly dilated and contained much blood. 
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Anatomto Diagnosis Ljmpho'arcoma of the anterior raedn'stinum (malignant thy 
nioma) , coraprcs'sion of the apc\ of the Ictt lung the heart, and the trachea, left hjdrothora\, 
edema and passi\e congestion of both lungs, pas«8ue congestion and follicular hj-per 
pla«ia of tl c spleen, parenchimatous degeneration of the lieart Iner and kidnejs 

DISCLSSION 

The diagnosis of a malignant tlij momi in oiu patient is suggested in vie\\ of 
the anatomic location of the tiimoi mass and the tiTiical histologic pictuie A1 
though typical Hassall's coipiiscles -winch art characteristic of the thjTnus 
gland were not found, tlierc \\cre striictiues siigeesting lemnants of the gland 
That we were not dealing with a saieomatous tiansformation of a IjTnphatic 
leucemia is e\ideneed In the absence of a gcncialized oi localized Ivmphadenop 
ath\, the normal blood pietuie, and the absence of leucemic infiltrations in 
the internal oigans Chnicallj the tiiinoi showed signs of being radiosensitn e, 
and the rapid death of the patient was caused b\ compicssion of the trachea 
and heart 

According to Jones® and Blown, the tlnmic oiigm of the mediastinal sar 
comas IS indicated bj the pioscnce of a laige slighth lobulated tumoi at the site 
of the thjTnus, winch extends downwaid behind tlie steiniim without infiltration 
of bone, in\olvos the pciicaidium and pleuia b\ dnect extension, and histo 
logicalh resembles th'\mic tissue Crosba* adds to liuse ciiteria the tendenej 
of thjmic tissue to siu round and compiess the tiadiea bronchi, pericardium, 
and tlie gieat vessels Death is caused b\ compiession of the air passages, and 
less often bj invasion of tlie \csscls thus piodueing asplnxia and -senous ob 
struction which maj dG\clop giaduall\ oi suddenly 

Trom a clinical point of mcw the recognition of tlijmic tumois particularly 
those of the lymphocytic t^pc, is impoitant in spite of the infrequency of their 
oceunence The tumoi usualh indicates its ptescnce comparatuely earh in its 
comse of dcaelopment because of its location and proximity to the trachea, 
bronchi, gieat sessels, lungs, and hcait The ciiaractenstic radiosensitiaity of 
these tumors offers hope of cure, or at least spcctaculai relief, of the extremely 
distressing icspiiatory difficulta and obstiuctiac manifestations, with consequent 
prolongation of life in rclatne comfort Also, sc\eral cases ha\e been reported 
in which complete siugical icmoaal of the tumoi was successfiilK accomplished, 
resulting in complete cures the patients being alne and well eight months to 
two years oi more following operation 

According to Crosby,® cough or hoaisciicss without expectoration or hemop 
t-\sis IS usually the first symptom in those cases in which the onset is gradual 
Dyspnea then becomes appaient oi may be the initial samiptom in cases in -which 
the symptoms come on suddonh Othei less frequent symptoms aie puffinoss 
^bout the ej clids, fullness in the anlcrioi part of the neck, and a pink discolora- 
tion of the eyelids Later theie is eiigoigement of the aems of the neck, cyanosis 
edema of the face and upper extremities, palpitation, substernal pain and 
oppiession, dysphagia, headaches, and piogiessiac sc\eie dyspnea some 
ease.s inequality of the pulses in the upper extremities is found Plcuial 
effusions, most commonly on the left side, Indiothora-x, and caidiac displacement 
are seen m many cases 
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The most important diagnostic measure is the x-ray examination of the 
chest. The findings are very suggestive, if not absolutely characteristic, anii- 
in the opinion of many roentgenologists an absolute diagnosis can he made pro- 
viding the condition is kept in mind. Doub® describes the x-ray findings as 
consisting of a “more or less circular sharply-defined, non-pulsating shadow 
just above the cardiac shadow in the position ordinarily occupied by the thymus 
gland.” X-ray films in the lateral position reveal the tumor occupying the 
anterior mediastinum. Tire mass may project to one side and may not be 
sjunmetrically placed. In some cases it is ii-regular in outline. Fluoroscopic 
examination is valuable in ruling out the pulsations of an aortic aneurysm. In 
some advanced eases tliere may he extension into the pleura or lungs, irifli 
haziness of the lung fields .so that the circumscribed tumor cannot he seen, 

Many cases liave been reported by NoiTis,’” Kahr,^^ Graver and MacComb,'- 
Margolis,^^ and Foot and Harrington,^'' in which a thymoma was associated rith 
myasthenia gravis, Addison ’s disease, and osteomalacia. 

The differential diagnosis includes such conditions as aortic aneurism, 
mediastinal abscess, leucemia, chronic mcdiastinitis, suhsternal thyroid, 
disease, tuberculous mediastinal lyunph nodes, generalized lymphosarcoma, o S 
kin’s disease, and intrathoraeic goiter as described by Kirshbaum an osen 
blum.i= 

SUMMARY 

A case of lymphosarcoma in the region of the thymus gland, or so 
malignant thynioma, in a child is here presented. In a reiuev o 
necropsies, 4 eases of malignant thymoma were encountere , 
lymphocytic type (lymphosai’coma), and one of the 
The differential diagnosis of intrathoraeic lesions is discussed, an le 
and clinical manifestations of malignant thymoma are emphasize 
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EXPERIMENTAL NEPHRITIS PRODUCED B\ STAPH\LOCOCCUS 
TOXIN IN THE 


R IT Rigdon, M D N\bFi\iiLr Trw 


N ecrosis m the coite\ of the kidney nun tolhm the intia\enous injection 
of staphj lococcnb to\m in the do„^ and labbit All in\ebti(?ators do not 
agiee as to the pathogenesis of this lesion Neissei ind Le\aditP in 1900 
first described it in the lablnt and expiossed tlu opinion that emboli formed 
bj degeneiating leiicocjtes obstiuct the smalloi blood ve'jsels and infaicts 
subsequently develop Rigdon and his assocuUs in 1934 concluded fioin 
their studies that the eoitical neciosis was the usult ut tliiect mjuij to the 
epithelium and endothelium of the glomoiuli ind tiu epithdium of the ttibnles 
Von Glahn and AVeld^ in IQS'! noted an <atl\ nuiosis oj some of the renal 
aitenes and stated that “the changes in tht \astnl u cltments of the kidnej 
ueie further advanced than those in the cpithelnim d the tubules When the 
arteries were occluded bj fibrin the ciituHtion j ust h.ne ceased thiough 
certain poitions of the eoite\ and it would seem most plausible that this oc 
elusion determined in manj of the Kidneis tlie wnlcspiead cortical necioses 
that are indeed of the nature of infaicts ’ 

Glynn^ in 1937 e\piessed the opinion that staphylocoeeus toMn ‘causes a 
dilatation of small ai tones, aiteiioles and capillaiies It is e\eieted through 
the glomeiuli and causes duect damage to tubulai epithelium It injuies 
capillaries, pioduces loss of tone with sul)sequent extreme dilatation and 
eientually sudden luptuie The sudden buisting of glomeiular loops is the 
mechanism by which hemonhage occius Neciosis quicklj follows for the 
tubular epithelium alieadj damaged bj the toxin has little lesistance to the 
anemia lesulting fiom the hemonhage 

This lepoit is a studj of the icnal lesions and then pathogenesis in the 
dog following the intiaaenous and intiaienal aiteiial imection of staphjlo 
coccus toxin The lattei loute of inoculation was used ni an attempt to in 
crease the concentiation of toxin in the kidiiej 

jr\TERIAl \ND METHODS 

The staplijlococcus to\in Aias picpned bj growing a liemohtic Staphylo 
coccus aulcus m leal infusion biolli loi foit\ eight liouis Tlie to\iii was 
filtcied thiough a Beikefcld candle, tested foi stciilits, and stoied at 5 0 
Tlie teclinKpic for piodncing tosin is gnen elsewheie - All the tosm contained 
a liemotoxin No attempt was in,ade to staiidaidi« it on the basis of lenal 
necrosis, since this pioblem was one to stud, the lesions pioduccd b\ tins toxin 

^rom the Department ot Patholom Xanlerblll Dnliersllj xled.cal Scliool ^aeh^llle 
Recei\ed for publication December 9 193S 
93a 
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RIQDON ^EPHRITIS PRODUCED B\ STAPIU LOCOCCUS TOAIN 


937 


T^\ent 3 si\ normal dogs, \aijing fiom 09 to 18 kg, ueie gnen this to'^m 
intra\ciioiisl 3 , iisuallj in the femoral -vein The fiequencj and the amount of 
the inoculum gi\en to the different animals are illustrated hj the gioup of dogs 
sho^ra in Table I 

Twehe dogs ^^e^e gi\en staphjlococcus to\in diicctb iiilo Ihe lenal aiterj * 
One of these died on the sc\enth postoperatne da\ The other dogs weie killed 
at inter\als bet\\cen the second and si\teenth da>s of the experiment The 
lenal \cssels in this gioup of dogs A\oie exposed thiough an extrapentoneal 
appioaeh The toxin was slowlj injected into the aiterj thiough a 20 gauge 
needle Pressuie was applied to the aiteij foi appioximateh throe minutes 
A hgatiue was placed tindci the lenal \eiii and held taut dining the injection 
and for approximately one minute thoicaftei The animals were anesthetized 
w ith eithei nembutal oi ether 

Stapln loeoceus toxin heated at 100° C toi two hours was injected into the 
lenal artery of two dogs, and infusion bioth w-is gncii intiaienoiish to anothei 
dog foi the contiol expciimcnt 

All animals were obsei\ed closely diumg the expenment and usually the^ 
weie autopsied immediatoh after death The tissues wcie fixed in Zenkei and 
10 pel cent formaldehyde solution Sections wtit stained loutincK ^^lt i 
homatoxilin and eosin, and select ones were stnned with Jlallon s aniline blue 
connectne tissue stain and by Gram s and Giemsn s r i fhods 

The amount of nonprotem nitiogcu in the bloo 1 was dctei mined before oi 
after the iiitra\cnous injection of the toxin in 17 ot the dogs 


CLINIC \L OBSCR\ \TION5> 


Stapliylococcxis toxin injected mUaicnousty The dogs leact differenth 
Some 'lomit, pass small stools, and \oid fixe to ten minutes after the inoculation 
The vomiting sometimes continues foi several honis Alidominal ciamps and 
tenesmus are often marked 'Weakness and general piostiation fiequently 
progress until death two to six hours after the inoculation 

The dogs that live for five to six davs do not sliow these acute symptoms 
These animals usually vomit and sometimes refuse food and vvatei Frequently 
they develop a mild diairhca with blood in the stools and become verv weak 
twelve to twenty houis bcfoie death Gioups of muscles frequent v twitci ur 
mg this time Some dogs apparciitl} become comatose a fen hours before 
death Convulsions ficquentlj occm diiiing the latter houis of life Some ha\ e 
mvoluntarj stools, inci eased salivation, a poculiai stain in their eves, an va 
tion of the head or extremities foi short intcivals Thev aio too weak to stand 
at this time , convulsions become moie fieqnent until death 

The dog given only infusion broth did not show anj clinical changes diffc. 
ent fiom a noimal animal 

staph, jlococcus toxin injected mtrm eiialhj All the dogs m tins gioup 
except 2 appeared perfcctlj noimal following the inoculation of the toxin 
These 2 vveie sick and refused food on the thud dav following the operation 


^ ‘Dr santora E laoi ^ati<.nal Reaearel. R?prt?fate Dr 

Sn sScfa'tlo'rSdNsl'rii'SIhaS Wm anWe ^Jparlni/nt or Surgeo for Ihe.r as^lwance 
in this studj 
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ifrxRksrin endotheULnke^w^^jo 


There is an a PP^rent increase m 

I about the >n3u''«‘'„f"’the glomcruh's I- 


P°l''lhkrcel*‘" 

:.uvJiehal-liK«J 
proliferation 0 jjjr 
Minnee Motion" VI, 


'’cob./_eentimete.s oy ^ b X-(«> 


sicl' 


Fig. A — I. Dog F 
leucocytes are present in the tuft, 
the glomeiulus (See Table I H. 
thelial-like cells in the ' 
cells are often present 
T H B X550 ) 3 

frequent lesion in this ““‘fpio'" hoa'-nas killeil 

neie injected into the renal altel^ fifteen da^s befoie this ciog 

, r Both 

One had blood in the stools on the second postoperative a) • ^ pj],er 

until the fourth and seventh days, at which time one was ^i 

died. f„llowinS the intrai®''’' 

One of the dogs in the control group was normal ^as 

injection of the heated staphylococcus toxin ; the othei le us 
sick on the ninth day, and was found dead on the tlie am®’”'’ 

Observations on Nonprotein Nitrogen in Blood— a i staphyi®®®*^^"^ 

of nonprotein nitrogen in the blood of 5 of ti’e .pfn-ht houis or loa?’’’" 

toxin intravenously. Three of these dogs lived for or j d 
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ppjl 1 ^oiioia or n>aiine oropieis are numerous m ine luouiar epiinenui 

Table I HAP XfOO ) 2 Dop F Some ot the ooUlaries belT\een tbe rcnil 

aio 11^ dilated and filled with • » The tubular epithelial celH 

fni ^ injured This dog he experiment (See Table I 

thfl amount of t The cndothelKl cells lining 

en.iA*K?.t shown In Fic 1 fragmented Injurj to the 

\oocIi ‘ apparently precedes in the lumen of the blood 

klfino!® ri.? ^ ^ Xl''0n ) 4 D pre'sent In the cortex of the 

Eivprt 1 lesion is bilateral of 5taph^ lococcus toxin were 

mornin *'**^*'r 2 30 PM and the dog was found dead at 8 30 am the following 

foci! , ^ kidney is onl\ •'lightlj smaller than the normal Petechiae and 

1“>^« ^ areas are present in the cortex He was inoculated in the renal artery with 

mam f staphylococcus toxin fifteen di\s befoic he was killed 0 Dog I The cortex Ins 

da\ nf jellow areas which suggest necrosis The animal was killed on the sixteenth 

nonnrni 1 ® experiment (See Table I for the time and amount of toxin gUen and also the 
Is ntr^' V? hitrogen content of the blood ) "■ Dog 62 The greater part of the renal cortex 

circHw’^lS surface in this area Is rclituely uniform in appearance There is one 

1 •* area of normal tissue Apparently no toxin reached this portion of the kidney 

^og wa ‘j‘jj^^'tPhylococcus toxin was injected into the renal artery sixteen da^s before this 


shotted 120 to 240 mg nonpiotein nitrogen at the time of death Obserta- 
tions were not made on 7 dogs, since they died in less than twentj four lioiiis 
following the injection of the toxin The other animals did not show any 
'‘iriation from the noimal 
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PATHOLOGIC STUDY 


Staphylococcus toxin injected intravenously. Usually there are iw gi&s 
renal lesions in the animals that die during the first six hours follomng th 
injection of the staphjdococcus toxin. The lesions vary after this time. Tbre 
are diffuse and circumscribed areas of hemorrhage in some of the hiliiejs 
(Fig. 'B, 4). In otliers there are petechiae and pale yellow focal areas in tie 
cortex (Fig. B, 6). 

The vascular lesions are inconspicuous during the first few hours folloras 
the injection of toxin. The endothelial cells lining the glomerular capiHarie; 
and the capillary plexus around the renal tubules become swollen, pylmotic, and 
show karjmrrhexis during the first twenty-four hours. Polymorphonuclear 
leucoejdes subsequently accumulate along the wall of some of these capillaries 
in such numbers that there is apparently some interference in the circulation 
(Fig. B, 2 and 3). When the injury to the endothelium is less severe and the 
animal lives for ten days or longer, there are an apparent hypertrophy and 
hyperplasia of the endothelium. These regenerated cells stain more toso- 
philically than the normal. Some of the capillary loops in the glomerah are 
dilated and filled with red blood cells, others show a pink staining coagulate 
material which apparently represents an accumulation of injured endothen 
cells, fibrin, and red blood cells. The basement membranes iu such glomeru 
also appear disintegrated. 

Red blood cells frequently escape through these injured capillai’3 
A pink staining albuminous material sometimes fills Bovunan's space an 
pareutly compresses the tufts. Some of the glomeruli show polymorphonncja^ 
leucocytes in the capillaries (Pig. A, i). There is an apparent 
and hyperplasia of the glomerular endothelium subsequent to the acute e 
(Pig. A, 5). 

The medium and larger renal arteries are normal in all of 
except the one given the staphylococcus toxin jits- 

vessels in this animal are completely occluded by a friable an neci ^ 
terial. There are many focal necrotic areas in the cortex and nie u 
apparently have resulted from vascular obstructions. 

The lesion in the tubular epithelium is usually pronouimed. 
lining the convoluted portion of the tubule apparently show t ® 
change. The eai'liest lesions, those wliich occur within the jjarycn 
following the injection of the toxin, are cloudy swelling, the?® 

rhexis, and rupture of cell membranes. Sometimes the folio"'- 

cells is coagulated in the dogs that lixm for twenty-four of tfi« 

ing the inoculation. Colloid or hyaline droplets arc presen , „(,rro3l 
tubular epithelial cells (Pig. B, 1). The walls of these tubnles app < 
although the injury to the epithelial cells maj^ be very extensive- ^ 

The lumina of tubules are often filled with albumin, celln 


hyaline casts. Some of the latter are calcified. , gfoup 

Staphylococcus toxin injected intrarenally. The injcclk” 

of dogs are somewhat different from those wliicli follow the intia' 
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of staplij lococcus to\in The kiOney on the side iii which the lenal arteij is 
injected is the only one to \aiy flora the noimal The gross appeaiance of 
these kidiiejs \<Tues The lesion is infliieneed by the length of time elapsing 
between the injection of the toxin and death The injected kidiiejs fiom the 
dogs that died dnnng the fust foiii days of the cxpeiimeiit aie swollen and 
hemorihagic Pieqiientlj the coitcx shows focal hemoiihagic aieas which aie 
sepaiated by appaientlj iioimal lenal tissue The kidnejs fiom the dogs 
which siiniie foi foiii days oi longei laij widch in then gioss appeaiance 
Some aie noimal m si/e while otheis aie atiophic (Fig B ~) Ihe coitex 
maj be niegiilai and seaiied Peteohiae aie pieseiit m the leiia! coitev of 
one of these dogs that lived foi sixteen dajs lollowmg the intiaieiial mociila 
tion of the toxin (Pig B, o) 

The vasoulai lesions in the kidnejs aie veiw conspicuous m this group 
of dogs Thrombi aie present in biaiiehes ot the lenal aiteij pioxiinal to the 
kidney in 3 of the aiiiiiials A niajoiitj ot the othei 9 dogs also show changes 
m the medium and small leiial aiteiies The w<ilK ot some of the aiteries are 
infiltiatcd with poljmoiphonuoleai leiieoivtis m the animals that survive 
the effects of the toxin foi the shoitest peiiods I usli old and oigaiiizmg 
thrombi aie present in othei leiial vessels Netiosis m the coitex lesemWes 
that lesnltmg from vasoulai obstuiction The leinl t ssiie between these aieas 
of necrosis shows an atiophj of some of flic ttihiil iml dilatation of others 
The lumina of the lattoi aio freqneiitiv filkd with dbunim led blood colls, 
and hjaline easts The epitlielial cells lining tliese tubules aie iisuallj smallei 
than the normal and stain moie deeply with the basophilic stains Some of 
the glomeruli aie paifiallj oi oomplctelj fihiosed others aie lepreseiitcd bj 
a few greatlj dilated capillaries (Pig A S) Red blood cells sometimes fill 
Bowman’s space and extend down into the convolution poition of the tubules 
The interstitial tissue fiequently has piolifeiated 

ffo pathologic changes are piescnt ni the kidnevs of one of the two 
dogs in the eontioi experiment The dog that died had a wound infection and 
focal abscesses m both kidnej s 

DISCUSSION 

The present investigation shows that staphylococcus toxin when injected 
eithei iiitiavenously oi intiaienally iiijines the endothelial cells of the blood 
vessels, glomeiuli, and the epithelium of the leiial tubules Thiombosis and 
infarction often lesult fiom injnij to the eiidothelmiii of the blood vessels 
The eaily lenal lesions following the iiitiaveiious injection of staphjlo 
coccus toxin aie found piimaiily in the eiidotheluim of the eapillaiies, in the 
glomeruli, and in the epithelial cells of the tubules Staphjlococeus toxin pio 
diices the same type of iiijuij when given iiitiavenously as it does vvlien il is 
given iiitiaieiially However, when iiioeiilated by the lattei loiite, lesions 
resulting from the vascular clniige ficquciitlj eompletelj overshadow those 
produced by the toxin in the glomei uli and tubules 

The effect of the pioeedure used in the intiaieml nrtcunl injection may 
have had some influence on the development of the lesion 'Whether or not 
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the toxin was in the same concentration when it reached the kiduej Moving 
the intravenous injection as it was after the intrarenal inoculation is not 
known. It is interesting, however, to note that the severity of the proecs 
apparently ivas influenced liy the amount of toxin injected. The variatioii 
in susceptibility of the different dogs was marked. 

The tubular epithelium and the capillary endothelium show all the diangts 
from cloudy swelling to complete destruction. Sometimes the renal lesions 
following the intravenous injection of staphylococcus toxin are so diffuse tiist 
death occurs very early. It is difficult to produce renal injury by the intra- 
venous injection of the toxin without the process being so diffuse and severe 
that the animal dies acutely. The lesions produced by the toxin folloiving 
the intrarenal injection are eomjilicated by the infarcts which develop second- 
arily to the vascular injury. 

The renal lesions which result from occlusions in the vessels can iisraliy 
be differentiated from those resulting from the action of staphylococcus tonn. 
Those changes produced by the former involve lioth the parenchjmiatoiis tissue 
and the stroma, while the latter affect primarily onlj’' the parenehyniatotis 
tissues. 

The glomerular lesions observed in this study resemble those produce 
by Ahlstrom in the rabbit by injecting intravenously staphylococcus 
combination with horse serum.® The renal lesions he thought weie o a cfc 
origin because they differed distinctly from those he observed in 1 
inoculated with only staphylococcus toxin. Since no foreign serum nas 
to the dogs in this experiment, and, furthermore, since only 
of toxin was given to many of the animals, it would appear nios u 
that the pathologic changes are the result of an}’' allergic mam es a i 

The association of glomerular and tubular lesions with an jIjp 

nonprotein nitrogen indicates renal dysfunction. Some of the 
dog following the intravenous and intrai’enal injection of jjjijjan 

are very similar to some of the lesions previously describe m 
kidney in cases of staphylococcus infection." 

SUMMARY ^ ^ 

Staphylococcus toxin injected intravenously and intrarenallj m 
injures directly the endothelium of the small renal arteries, g tubular 

laries, and the capillary plexus around the renal tuhnies, and a so 
epithelial cells. Obstruction in blood vessels may occur seeon 
vascular injury. , in 

The renal lesion is accompanied by a retention of nonpiotem n 

the blood. _ i cjcrved k 

The histologic changes are frequently similar to those lesions o 

human being in cases of glomerular nephritis. 
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ALIMBNTAKY LIPEMIA IN A'OUNG DIABETICS WITH EVIDENCE 
OP LIVER DAJIAGE OR DYSFUNCTION* 


With a Note on the Effect or Bet vine Administration on Liver Function 
AND ON AlDIENTARV LiPEMU 


Robert C Lowe, jVID, N>w Orli v\b Lx 


A s THE losult of the vvoiK of Haitlej,* Loathes and Mwei Wedoll,' London, “ 
Artom,* Best,'* Ajlvvaid, Channon, and Wilkinson and tlieii associates, 
to mention onlj a few, the livoi has come to be iico,jniAcd as plajing i definite 
lole in the noimal metabolism of fats On tin othei hand the e\act changes 
which fats undergo in the noimal liver have not vet bctn dcfinitch woikc out 
As the woik on these piohloms has progiessid attempts have been undo to 
measure distuibances of fat metabolism in the diseased hvci bv compaiing tie 
degiee of lipemia produced bj the oial oi the intiavenous administration of 
fats with the lipemia observed in noimal persons imdei the simo tes eon i 


tions ' 

Nachlas and his associates,® studying tlie lipemic ciuxes induced by mtia 
xenons injection of a fat emulsion in dogs betoie and after the pio uetion o 
expeiiraental Inei damage, mterpietcd then lesults as showing t lat tie nei 
plays a pait in the lemoxal of fat fioin the blood, and tliat damage to t ns unc 
tion IS reflected in the foim of the blood fat cuivcs as an inciease in t le Ot,iee 
of hperaia The, point out, howevci. that the cuivcs tend to return to noimal 
form in spite of persistent anatomic livei damage Sullivan and reishtand, 
"ho studied fat absoiption ciuves obtained fiom patients with v viious yiies 
of hvei disease, concluded that these ciuves vvcie of value as an indcN of h'« 
function This conclusion was based on tl.e finding that such patients evliibited 
an ahnoimallj prolonged elevation of the blood fat level, though the elevation 
Itself did not exceed the noimal dcgiec 

Attention was soon diiected to fat metabolism in diabetics y tic xxoi o 
Bloor," Man and Peteis,” BIin,” and otlicis, and studies on alimentarj lipemia 
lu such subjects have been earned out bv seveial woikers ^ i 

to demonstrate anv abnoimal vaiiations of lipemia (p fi action, including neutial 


enj “nd'lhc Dcpa‘rtm?i;t'' o{°MS'l<;Sr'sch?ol of Medicine 
^nlslana State Unlversitj New Orleans 

Recehea for publication December I” 1928 


944 


THE JOURNAL OP LABORATORY AND CLINICAL HIEDICrxc 


fat and free cholesterol) in a series of diabetics. He eonehided, ftereiorf, 
that there was no relationship between the severity or the degree of eoBhJ 
of the dialietes and the form of the blood fat curve. Ilejcia,” viio sliuM 
the lipemia curves in a group of nondiahetics, found that the ratio of ih 
highest blood fat level to the fasting level varied from 1.27 to 1.35, wliiclik 
considered to be the normal range. In another group, consisting of 3 diakiics, 
1 patient noth obesity, 1 with adiposogenital dystrophy, and 1 ivitli myehp 
enous leiiceraia, he found ratios i-anging from 1,4 to 1.58. He assmaed oa Ih 
basis of these higher ratios that these patients had a decreased tolerance for 
fat. 

Sullivan and Fershtand included in their study of alimentary lipmis is 
liver disease a group of diabetic subjects, isome of whom exhibited a ddayd 
fall of their lipemia. They do not malce it clear, however, whether tky ss- 
sume that the diabetics who showed a prolonged elevation of the blood fat 
curve had liver damage. Ilanssen’^ repoi'ted a series of diabetics with enlarge- 
ment of the liver in none of whom liver function tests (the wobilimnia test 
of Schlesinger and the choleic acid test of Haj's) showed any variation from 
the normal. 


MATERIALS AND METHODS 

This contribution has two purposes: (1) to report a study of the fat ab- 
sorption curves in 10 young diabetics who showed definite evidence o ocf 
dysfunction or damage; and (2) to report a study of the influence o a ipfr 
tropic factor on these fat absorption curves and on liver function, 
no reports in the literature entirely comparable to our own, since o ic! s 
have been carried out on unseleeted groups of diabetics. 

All of tiie dialietics studied were relatively refractory to contro 
and several showed symptoms of sympathetic imbalance similar to t la ^ 
by Man and Peters'- in their contribution entitled Scrum Lipoi s at 
Acidosis. - 

The presence of liver dysfunction or damage was determined b> 
ence of two or more of the following findings at the time the oiseu. 
alimentary lipemia w'ere made: 

A. Elevated plasma bilirubin (Gibson and Goodrich). 

B. Decreased excretion of hippuric acid (Quick). 

C. Enlargement of the liver. 

D. Difficulty in controlling the diabetic state. 

Tlie fat absorption curves were obtained as follows : • <1 to k 

The postabsorption level of tlie total plasma lipids was o! 

normal or at a constant level during a period of observation. ^ .jjjgjit irss 
fourteen hours, a blood sample (oxalated) was wdthdrawn. whh®* 

then given a test meal consisting of one piece of toast, a cup o gumpUs 
cream, and 1 gm, of butter per kg. of body weight. and sh 

(oxalated) were -withdrawn one and one-half, three, four an o’ 
hours after the meal. _ 

The blood specimens were centi-ifuged at high 
and the total lipids were extracted from 5 c.e. of plasn a . 
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The whole e\tiact was filfeied off quantitativelF and eiapoiated to dryness 
on the steam bath The lipids weic flieii exti acted fiom the lesidiie with 
pet, oleum etliei, fiiteied quantitafnely into a weighed dish, evapoiatcd to cIit 
-< ness again, and kept oteiiiighf in a desiccator The samples wcie weighed in 
the morning and the total hpids we.e calrnlated in millig.ams per bundled 
ciibie cenfimeteis ruitliei fiactioiidtiou ot the lipids was earned out, hut 
on/j the total hpid values aie lepoitod luic uith mention of the other Vine 
j tions when the values seem ospeciallv impoitant 


RrSULiS WD DISCISSION 

The findings in mu gioup ot \oung diabetics aie piesenttd m Table I, 
aiiangcd accoidmg to the fiist fasting blood lipid Imel and ma^ be snmmaiizcd 
as follows 

Pom patients showed ele\fifed ))lasina bilnnlnu (1 0 to 2 2 mg pei cent) 
The Holm is less than 0 5 nig pei cent 

Sin patients showed dccieased extiction ut hippiuic acid (Quick) The 
notm IS 3 gm e\cietccl in foiu houis 

Seven patients showed livcis enlaiged 2 fingtis di moie below the costa) 
margin 

All the subjeetSj it will he lecallcd weu \oung dnibctics m whom it was 
difficult, if not impossible, to mamtam adertuiti coi tiol of the blood sugar 
It IS thus evident that lu each patient theie iiu at ie st two findings wbieli 
may be assumed to indicate gioss aiiatomu changes oi definite distnibanee 
^ of the metabolic functions of the liver 

ft Will be noted that the postabsoiptnm values of the tota) lipids fall 
uithm noimal limits, except in Cases 9 and 10 In Case 10 Inpcrhpomia pei 
sisCed over a peiiocl of nine mouths with veiy little variation although when 
the patient left the hospital his diabeUs was well controlled Such a “fixa- 
tion” of the hypeilipemia has been desciibcd !>> HIix who mentions thiee 
siniilai eases, one lepoited l\v ChaufFaul and two bv Labb6 In Labb^'s cases 
only the total eholesteiol values wcie followed EJhx postulates a ijreatly 
damaged fat metabolism mechanism and a slow repaii to (xplain the long 
continued hjperlipemia in these cases 

A compaiison of the abmentaiy lipcmia curves with othei values will 
mdicate how little coiielatioii we observed lietween the clinical status of 
^he patient's Iivei function and the shape of the blood lipid ewise If \t be 
'‘Assumed that the degiee of the elevation oi the duration o£ the elevation of 
l^he blood lipids is an indication of the patient’s tolerance foi fats and if it 
0 furthei assumed that bvci damage deci cases this tolerance and leads to 
‘^bnoimal elevations oi piolonged ekvations of the blood lipid cuive, then 
Her function with lefeiencc to fat metabolism would not seem to be gicatl} 
•'Altered in some of these patients In some patients it might even appear that 
feeding of fut stimulated its own metabolism in the bodj, conesponding 
lo the “Bahnung” suggested bj Blnx 

In. Table I theie is given also the latio employed hj lleida as a simple 
^elfiod of depicting the degree of lipemia In our own cases this ranges from 
to 1 52 Such a range indicates that all tjpes of ciuv es wcie encountered, 
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Table II 


CASE 

ALlVIFVTVFY LIPEMIA 

TOTAL PIASMA LIPID 

change 

1 

DATE 1 

1 PASTING I 1% 1 3 \ iVy \ 

0 




1 Mo % 

Jiff % 


Dog 1 


1 

11/29/37 

752 




GOO 

-140 

2 

2/ 3/38 

524 

480 

420 

352 


-172 

3 

12/13/37 

372 

452 

448 

428 

454 

+ 84 

4 

1/ 5/38 

247 

344 

3«0 

32(. 

30G 

+133 


Dog £ 


1 

5/20/38 

302 

278 


328 

314 

+ 26 

2 

5/24/38 

248 

268 

204 

282 

274 

+ 46 

3 

6/ G/38 


208 

294 

29(1 

2C0 

+ 98 


Table III 


FASTING TOTVL LIPID 

MO % 

NO CASFS j 

' WEP VCE PISE OF LIPEMIA PLPV ES AT 3 0 HOURS 

PEP cent I 

MO % 


1 Data from Sullw'in and i-er^htands 

400 500 1 

S 

1 85 0 1 

313 

500 600 1 

16 

1 5''0 1 

289 

600 700 

1 

I 31 7 
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700 1000 1 

0 

1 <4 9 

266 


Data from Worli'-loi 

COO 800 

4 1 

2« 1 

1 175 

800 900 

12 

K ( 

140 

900 1100 

4 

So 

j 80 


varying from the paiadoxical h}polipemia observed in diabetics bj Bli\ to 
hv'perlipemia comparable to that observed m the same tvpe of subject bj Bh\, 
Hejda, and Sullivan and Feishtand 

It was thought that ceitam data obsened on depancreatized dogs might 
supply a possible clue to the explanation of these findings Table II presents 
a senes of alimentary lipemia curves obtained in 2 dogs which had been sub 
mittcd to pancreatectomy several months before these studies were begun 
During the peiiod of observation the animals lecoivcd a diet of two meals a 
day, each consisting of ground beef with about 8 pci cent fat (300 to 400 gm ) 
and sugar (25 gm ) In addition, they were given lione ash (4 gm ), cod liver 
mil and vitamin. once a day Dining the penod in which the tests were made 
each animal received 30 gm of a fatty acid mixtine (1 pait oleic to 2 parts 
palmitic) with 10 gm of glveeiol daih to insme more adequate fat absorption 
This precaution seemed necessaiy because, following panel eatectomv, the stools 
were extremely fatty, indicating a pool absorption of neutral fats No pan 
creatic substance of any Kind was administcied Tiie blood lipid curves were 
obtained after a fasting peiiod of twenty foui horns and a test meal of 100 
0 c of 40 per cent cream 

From the data obtained foi both dogs it would seem that the form of the 
hpemic ciiive is m pait, at least, a function of its initial level, whereas there 
'ippears to be an mveise lelationsliip between the extent of the use or fall of 
the curve and the initial level In both dogs the curves vary from hypo 
hpcmie depi essions thi ough fiat cm v es to by pei hpemic elev ations 

Table III presents the figuies obtained bv calculation of the average rise 
of plasma fat m per cent and imlhgiams pci 100 cc from the senes of 43 
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normal patients reported by Sullivan and Fershtand^ and from 20 curves on 
17 normal subjects studied by Weelisler." These figures suggest that in the 
normal individual there is a similar inverse relationship between the degree 
of lipemia and the postabsorption blood lipid level. 

The data which we present in Table I show no semblance of correlation 
between the postabsorption values and the degree of lipemia. Although the 
relationship between liver dysfunction in human diabetics and fatty changfs 
in the livers of depanereatized dogs is not definitely established, there seems 
no doubt that some relationship does exist. The outstanding differences sesai 
to be that in the dog there is a marked drop in the total blood lipids and the 
plasma cholesterol esters. These findings, which were reported by ChaM 
and Kaplan,’® were noted in our own experimental animals. It seems within 
the realm of possibility that diabetic subjects with normal or hypolipemic 
curves show postabsorption blood lipid levels which, although normal when com- 
pared with standards for normal subjects, may be, nevertheless, relatively liipfr- 
lipemic as regards the particular individual. Whatever pathologic physiology 
operates in the dog to lower the basal blood lipid level might very well be opeiat- 
ing in these diabetics also, complicated by some factor tending to eleiate t o 
blood lipids above the basal level. The nature of this coraplienting fadoj >S| 
however, not clear. Its opei'ation in the depanereatized dog is indicate } 
the valuations of the postabsoi’ption blood lipid level (Table 11) . ho a eqiia 
explanation is at hand, except, perliaps, that at the time the high P®to 
tion lipid values were obtained, the dogs required more insulin t '' 
the values -were low, which indicates a refractory state of the dia le es a 
times. 

THE EFFECT OP BETAINE CHLORIDE ON ALBIENTAKY LIPB3IIA 

The work of Best® and his associates has shown that the noimal 
of fat in the liver requires the presence of choline or a choline-h le su 
the diet. In the absence of sucli a substance fat deposition ocems 
and the percentage of neutral fats and cholesterol esters rises to a noi 
Best has found tliat betaine, like choline, will prevent this deposition, 
tive effect of this therapy, however, seems less than the preventive. 

In another phase of our study we attempted to determine 
betaine on hepatic function, as indicated by various liver g gm. of 

the fat absorption curves. Nine of our 10 patients receive lom^ 
betaine chloride daily over periods ranging from one to thiec j.gpeatf(i. 

of these periods, the liver function tests and fat absorption euives ' as 

The data thus obtained are included in Table I and may e s 

. ,• ,slv increasefi' 

In 4 patients in whom the plasma bilirubin bad been in 

there was a return to normal level in 3 patients and a s ig i ■ 
fourth patient. Rabinowitch” noted similar alterations. ^ 

In all patients on whom the Quick test was repeated tlier 
to normal levels. . jj,;, size of fi*’’ 

There was a variable, but not striking, degree of decrease m 
liver in the 7 patients in whom it was abnormally enlai’ge . 
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Se\eial of the patients showed a definite impio\einent in their lesponse 
to the measiues iiLstituted foi the oontiol of then diabetes Tins impio^enient 
was pai tieiilaili stiihiiig in 2 patients who had been in tiie hospital foi several 
weeJiS pilot to the beginning of tins sttid\ and who had been \ciy difficult to 
manage dm nig that time 

The changes obsei\ed in the lat ahsoiption em\es aie of mteiest, though 
it IS difficult to e\aluate the sjieeific efieit ot the betaine becausL the loactions 
\arjed so definitelj Theie weie two distinct t\pes of leaction obsci\ecl In 4 of 
the 9 patients theie was a definite use (100 mg oi moic) ot the postabsoiption 
le\el of the blood lipids In 4 patients tlicic w is no significant change In the 
ninth patient theie was a definite decuast ot 96 mg In Cases 1, 2, 4, 5, 8, and 
10 theie was a decieasc in tlie degiee ot liiumia incluced b\ the fat meal follow 
ing betaine admimstiation, as indicated b\ tiu llcida latio and in all except 
Case 2, in which theie was a continuous dcrlinc ol the blood lipids the lipid 
values returned to the fasting le\cl at six hoiiis in conti ist to the oiiginal curies 
It was in this gioup of patients that the greafist impioiemcnt m the diabetic 
state was obseiied 

In Cases 3, 6, and 7 the changes woic cxadli tin uicise of those just men 
boned The original euncs (obtained bcion bet nm ndministiation) oithei 
rose slightlj or deci eased below the fasting Ic\< I Thosi cunes which lose abo^e 
the fasting Ie\el lotuined to it at the sixth houi whcie is altci the admimstiation 
of betaine the lipemia cunes of eaeli ot the pitients showed an incicased ab 
white and lelatnc use and a dclaicd ictuin to tin oiiginal Iciol 

Other diffeieneos sepaiatc this second gioup of casts fiom the fiist group 
Except for Case 10, which is an instance ot fixtd hi pcilipemm,’ the cases in 
this second gioup are the onh ones winch show an incicnscd phsma bihiubin 
Tho^ all show lelatl\ol^ lugli cliolesteiol estei peicentages in the plasma, 70, 81, 
and 94 per cent, respectneh, of the total cliolesteiol A similar phenomenon 
''as obsened b\ Gaidnei and Gaiiisboiougb** in 4 cises of cholecjstitis and 
oholehthiasis Under the influence of betaine tliciap\ the estci peicentagc in oui 
own cases diopped b^ 15 7 pei cent, 65 4 pti cent, and 47 pei cent, lespeotnelj, 
of their original peicentage \alues In this second gioup of patients, fuithei 
nioze, no definite impio\enient was obsci'od in then jcsponse to diabetic manage 
nient 

The ester percentages in the first group weic noimal, and theie was no signif 
leant alteiation after the institution of betaine theiapj It seems likeh, tlicic 
fore, that some fundamental difl’eicnce exists between tliesc two gioups of 
patients, but we do not Ila^e sufficient data a\ailable to make definite state 
ments on this point 

SUMWARX 

1 The alimentaij hpemia was studied in a gionp of 10 Aoung diabetics, all 
of whom ga\e exidence of IiAei d\sfiinctiou oi anatomic li\ei damage No 
cozrelation was found between the lex cl oi duiatioii of elexation of tlie total blood 
hpids and the degice of Inei damage indicated In sexeral Inci function tests 

2 Clinical and expciimental cxidcncc is piescnted which max serxe to 
^'‘plaiu the diffeience in oiu lesults as compaied xnth the lepoits in the liteia 
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tiiie, which suggest that in certain types of liver damage alimentary lipcmia 
serves as an index of liver function. 

3. A study was made of the effect of hetaine chloride tlierapj' on the liver 
function, diabetic status, and alimentary lipemia in this graiip of diabetic siih- 
jects. In all eases liver function was improved according to the tests employed. 
Two types of response were ohsenmd with respect to the alimentary lipemia, 
and the clinical control of the diabetic status seemed to differ according to the 
type of response. A decrease of alimentary lipemia was associated with an im- 
provement in diabetic control, whereas an increase of alimentary lipemia was 
associated with no significant alteration. 

4. A fundamental metabolic difference of some yet undefinable sort appears 
to exist wliich may account for the difference in response of these patients to 
both a “fat tolerance procedure” and betaine therapy for control of their 
diabetic state. The number of cases is too small, however, to warrant definite 
conclusions. 


Note; After this paper was cornpJefed tiiere came to our attention as artmle m I 
subject by Priscilla tVliite and her associates (White, I’., Marble, A., Bogan, I. K., A-®, 

E. M,: Enlargement of the Liver in Diabetic Children. II. Effect of Eaw 
Hydrochloride, and Protamine Insulin. Arch. Int. Med. 62: 751-701, 1938). Their “ , 
respond with ours in all respects, except that they observed a consistent decrease m e ' , 
ester values from the normal of appro.vimately 50 per cent, whereas we found va u ■ . » 
from 50 to 94 per cent. 

I am grateful to Professor R. B. Gibson for his assistance thc'piidci'^* 

study, and to Dr. F. M. Sniitli for permitting me to miike the nccessarj test 
in his hospital wards. 
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thorax and arms and progressing downward. Two patients became slightly 
drowsy. No respiratory depression was noted whatever. Ampoules of calcion 
gluconate were always kept available in case of emergency. One patient suf- 
fering from Raynaud’s disease was given 2 c.c. of 50 per cent magnesim 
sulfate intramuscularly following the intravenous injection. This patient 
reported a relief of symptoms which recurred twenty-four hours later. Whether 
or not this relief was due to the magnesium therapy must he determined by 
further trials. 

Pig. 1 shows a typical plethysmographic record of the lower right extremity 
following the injection of 20 c.c. of 10 per cent magnesium sulfate. The increase 
in the volume of the leg persisted for ten minutes in this case. 

CONCLUSIONS 

Intravenous injections of magnesium sulfate produce a marked increase in 
the volume of the extremities. By analogy with experiments on laboratory 
animals this increase in volume is believed to lie due to an active vasodilation. 

REFERENCE 

1. Haury, V. 6.: J. Pharmacol. & Exper. Therap. 65; 453, 1939. 


RAGWEED POLLEN: AN ARTEFACT IN TISSUE SECTIONS* 


Edwin G. Ebertz, B.S., and Walter 0. Lobitz, Jr., B.S., Cincinnati, Ohio 


W 


ITH the widespread distribution of ragweed pollen it is indeed 

aterii— 
with ragiveed 


that contamination of biologic specimens by these mateiials has ^ 


reported often. We have had an interesting experience 
contamination of tissue prepared for microscopic examination. 

A biopsy wms taken of a skin lesion from a case of 
Cincinnati in the later summer of 1933. The section was place gjjjniiig 
in formalin and sent to the pathologic laboratory. Detaile (jpcjsIods! 
wms done and one set of slides, stained by Giemsa’s method, siove^^^ diamckT 
round spiculed bodies. These spiculed spheres, about six tunes 
of a red blood cell, had a thick shell-like structure surrounding ]). 

staining area, either i-onnd, oval, or three-sided (uterus-like) m s 
These bodies appeared to be wdtliin the tissue in some sections an ^plicres- 
tissue in others. There w'ere no reacting cells present in relation o 
There w'as no foreign body giant cell reaction present. ^ 

Curious as it may seem, a .skin lesion (from the arm) shoi'T*^ 

of the same disease process in the same individual, ^x-Vmieral Hospi'a' 
similar spheres. Tins biopsy w’as taken at the Cincinnati 
sent to the pathologic laboratory. 

•Prom the Department of Physiologj', University of Cincinnati. 

Keceived for publication, December 21, 193S. 
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Tliese spiculed bodies weie not seen m the fiist set ot biopsies token in 
1933 Because of the iiiteiest of the nst, itself, sections ucie sent to patholo 
gists all o^ei the uoild Dining a di tailed tvamnuition as legaids seaich for 
^ bacteria, these bodies Meie found in cutain sections of thi biopsi taken in 1937 
After this the first set of biopsies was le esannned and in i tew of the sections 
tliese bodies weic seen 

When these bodies wcie obseixcd fust thcic was coiisideiable speculation 
Sfanj diagnoses weie offered j\Iost ot the ipiiiious leaned towaid some soit 
of “paiasitie woim” oi “oMim It was olnious alter the eoiieet diagnosis 
had been made, that most of the woikeis in \aiioiis fiilds were not f«i7niliar with 
ragweed pollen 



Fiff 1— Razeed pollen granule (dried) Ijing to light of airectores pilorum and to left of 
BJece artefact m the subcutaneous tls&uc of the sVm lesion m an incidence of atypical 
scleredema ^Tote the absence of any reacting cells or foreign bod> giant cells 


Extensile in\estigation piotcd these bodies to he diicd lagwced polkn 
granules (Aiiibiosiaceac) lia\ing no etiologic lelatioiiship to tiic disease entitj , 
thej were nieieh foiegii bodies intiodiued duiing the piocess of fixing and 
staining 

The fixing, staining, and mounting of these sections m 1933 and 1937 oe 
emred in diffeient laboiatoues, each located in a different building Both 
these buildings, howe\ei, aie in close i)io\imit\ to the same windswept field, 
notorious for its lagweed Since the woikois in tliese and othoi lahoiatoiics 
*n the same and bordeimg buddings use open windows in the late summer and 
fall mouths, it is stiange that this contamination has not oecuned or been lec 
ognizcd more frequenth 
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SUMMARY 

Suspicious microscopic bodies were seen in skin biopsies of the same diseass 
in the same individual taken after an interval of four years. These bodies were 
found to be ragweed pollen and Avere merely contaminants occurring durinj 
tissue fixing and staining. The tissues were prepared in different laboratories 
of the same hospital in late summer of 1933 and fall of 1937. Adjacent to liiese 
laboratories Avas a huge Avind-sAvept field filled AA’ith ragAA'eed. 


THE CULTURE OP HUMAN MARROW AS AN AID IN THE 
EVALUATION OP THERAPEUTIC AGENTS* 


Studies of Sulfanilamide and Related Compounds 


Edavin E. Osgood, M.D., Portland, Ore. 


T he chief methods noAV in use for the evaluation of therapeutic agents are 
animal experimentation and clinical investigation. Perfusion experiments 
and experiments on isolated fragments of tissue are also in common use. These 
methods are all of proved value, but all have certain limitations. It is the pw- 
pose of this article to point out some of the advantages Avhich the methods e- 
veloped for culture of human marroAV offer in the study of therapeutic an 
noxious agents. 

METHODS 

The Amccine vial technique has already been described.^ 
and Avell adapited for controlled quantitative studies. Briefly, it is as o 
With a tight 10 c.c. sj-ringe, aspirate from 1 to 10 c.c. of maiion- 
a 20 gauge needle and introduce the marroAV into a 50 c.c. 

25 c.c. of sterile citrated balanced salt solution. Centrifugate ^ 

cells AAuth the 


ing the marroAv, AAuthdraAv the supernatant liquid, mix the 


ing liquid, and transfer to a volume index lube® cappecl avi 
C entrifugate this, discard tlie supernatant fluid, AA'ithdraAV al o ' ^ 
layer and a little of the red blood cell layei’, and transfer to consisi'i 

vaccine vial containing 8 c.c. of marrow culture medium. T rc m jpj 

of 35 per cent human cord serum and 65 per cent balance sa s 
Avell. This procedure concentrates tlie nucleated cells and e inhih'* 

akaryocytes (nonnueleatecl erythrocytes) which hax'e ^ j cell cou’it 

growth. Mix thoroughly, Avithdrarv 0.5 e.c., and do a gj„aining 

according to the usual technique for wliite cell counts. Di u ^ jglel 

row in the A’ial with the required amount of marroAV culture me sub' 

nucleated cell count of 1,000 to 2,000 per c.mm. Mix loi o ,.„ner.'Ks 


went.!! jredicinc. 




•From the Department of Medicine and the Division of ’ • P jledhD 

of Oregon Medical School, Portland. nentlcs of U>® Am«'’‘“' 

Read before the Section on Pharmacology and riiciap 
Association, San Francisco, June 16, 1938. 
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osaoOD nuAtAN -marrow in tiiehapcutic agents 955 

duide into a seues of 30 c c laceine mis placing 8 (5 to 15) c e in each ua] 
Leave one foi a contiol, and to the otheis add the dcsiud quant.t, of a 
steiile solution m balanced salt solution of aiij suhstanct to be tested Place 
m the iiiciibatoi Change the medium by centiifiigatioii and withdiawal of the 
siipeiiiatant fluid eve.j foitj eight hou.s Change the gas iniNtnie once a 
week Samples of the miNed cultmes may be uithdiavvn at anj time foi 
quantitative chemical, hematologic, bacteiiologic oi seiologic studj 

The impioved apparatus foi laige scale stuilv* has been desciibed in de 
tail It offeis the additional advantages of maintaining iindei constant con 
trol the ONygen and carbon dioNidc tensions the composition of the medium, 
Its late of eiioiilation, and the elimination ot waste pioducts In other vvoids' 
It piovides foi the functions of a lung ciiciilation and kidncj I oi most pin 
poses, hovvevei, the simple! vaccine vial method will piove satisfactorj 



h Karjoblast (mesaloblast) arrested In the metaphase of mitosis from a sixteen hour 
o‘a culture of human marrow containing i 250 000 colch cme Wrights stam xl 800 


‘^dia7itages of These Methods — Human maiiou is reaclih a\ailable from 
Sitiiei Sick or well persons bj tlie simple and lelatnclj painless sternal punc 
ture method = 

It seems likely that conclusions bastd on the stiidj of human cells should 
more direetlj applicable to human disease tlian studies on animals or on 
fuumal tissue 

These cells aie sepaiate and countable so that the number of each tjpc of 
cell piesent at anj time maj be calculated, including the number of cells in 
process of mitotic and amitotic dnision No othci metliod of tissue eulluro per 
mits this accuiate deteiminatiou of the amount and t^pe of tissue imestigated 
^^ith the aid of colchicine,*' which .aiiests mitoses in the inetaphase, it maj be 
possible to detei mine the number of mitoses in aiu desued period of time (Fig 1) 
The moiphology of the cells is much bettei prcseiied than in fixed tissue 

sections 
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The volume is sufficient so that any of the quantitative metlioJui 
hematologj', chemistry, bacteriology, or serology vvliich may be done on bW! 
may be done on these cultures. We have already performed tlie folio™: 
quantitative procedures on such cultures; erythrocyte count, licniogiobiB 
estimation, total nucleated cell count, differential cell count, reticulocyte count 
peroxidase stain, studies of cell motility in supravital preparations, quantib- 
tive studies of phagocytosis, counts of mitoses with and without colcMcine, 
quantitative determinations of dextrose, urea nitrogen, sulfanilamide, pout 
plate colony counts, and comparisons of different types and concentratior,! 
of antisera. The quantitative procedures used are those® with wliicii any well- 
trained technician is familiar. 



Pie, 2. — Tumor cells from a two-Uay-old culture of asSjt*'- vi 

anaplastic carcinoma of the stomach. V right s stain a . 

The vaccine vial technique is extremely simple, requiring no 
not present in a well-equipped laboratory. Most of the manipulations 
with syringe and needle through vaccine vial caps sterilized ndi < 
alcohol, so that undesired bacterial contaminations are rare. ..imenta- 

A type of control is possible which is not attainable in anima 
tioii or clinical investigation, since the culture may be thorongi.^ n ' 
vial after adding the noxious agent under investigation, and then eq ^ 
transferred to each of 5 to 8 vials. One of these is left as 


a control, 

others, varying concentrations of the therapeutic agent vnc ei ^ 

may be added. One can be certain then that there are ^ ,ncdi«'“' 

the same number of each type of cell, the same quantity o t 

and the same concentration of the noxious agent, sometlung v 

can be sure of in animal experimentation or clinical investigation. ^ 

The variables of absorption and excretion, inherent in the 

tion and clinical investigation, are not present, so that de- 

amount of the therapeutic agent introduced and maiviug qI the actual 
tennination of it at the end of the experiment, one can le cei 
level maintained. 
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A measured, thoroughly representative sample may be lemoved at any 
desired interval for quantitative stud} without hainiing the remainder of the 
culture. Knowing the total volume of eultuic fiom the study of this sample, 
the quantitative characteristics of this culture may be determined. This is 
not possible with any other method of studiing living lertebiafe tissue. 

By teasing the cells apart in the fluid medium, many tissues from animals 
and man can undoubtedly he gioini by these methods. tVe have already cul- 
tured human marrow from healthy poisons and trom patients with many dis- 
eases, normal' and leucemic blood, lymph nodes, splenic tissue, and cells from an 
anaplastic carcinoma of the stomach (Fig 2) 



„ 3.— Logarithmic growth cunes from marrow^ culture, marrow culture medium, and 

broth These media in 3 \accmc \lals were inoculated t\ith equal number's of beta 
tif 4 ^*'® ’Streptococci, mixed, and each duided equally into 3 vials, one being the control, and 
me other tsio containing enough sulfanilamide to give concentration’s of 1 10 000 and 1 100 000. 
• ampies removed at intervals, and pour plate colonj count's were made from suitable dilu- 
iions In this and subsequent curves, 1 equals 10 colonies per cc, 2 equals 100 colonics per cc, 
up to 8 equals 100,000.000 colonies per cc 

Life is readily demonstrable by motility in supravital preparations or by 
phagocytosis a few minutes after addition of a vaccine 

The medium contains nothing not present in similar concentration in the 
fluid surrounding cells in the hniiiaii body, and has been demonstrated^ to be 
superior to Tyrode’s or Kinger’s solution for permitting cell division, maturation, 
“Pd functional activity. 

Limitations of These Methods . — As yet it has not been possible to obtain 
unlimited quantities from a single inoculation. Structural relationships are 
Pot preserved. The method is not suitable for the culture of whole organs. 
The interaction of the various organs and tissues on each other cannot he dupli- 
cated as in the intact animal. Substances which prore nontovic for the cells 
investigated may be to.vic for other types of body cells. 
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With the techniques at present in use, the cultures show deterioration sita 
one to three weeks, although living cells have been found at fifty days. Th 
method must, therefore, be further perfected before experiments lasting more 
than one or two weeks can be given quantitative interpretation. The extent 
to xvhich results obtained in marrow cultures will be duplicated in tk bodr 
remains to be determined, although results so far obtained appear to show che 
correlation. It is imlikely that the medium contains everything present in 
normal tissue in the same concentrations. The cord serum or marrow from 
different sources may vary so that conclusions should be drawn only from experi- 
ments in xvhich the controls have actually been mixed in the same vial with th 
cultures with which they are compared. 



Pig. 4 — Logarithmic growth curves of experiment g^per m™! ! , 

plotted from pour plate colony counts made at the indicated ’T®/' ^flpnincocci, and 
cultures were mixed in I vial after inoculation with neta henioly tic siren another. 1-h.i 

volumes were placed in each of 4 viais. 1 of which was left as a con i soluWe >h 

sulfanilamide, that is, 10 mg, per 100 c.c.. was added : to ’’oci' nr pronb '*n niw j, 

centratioii of 34 mg. per 100 c.c. was added; and to the fotirth, calculated -4 rJ.jj 

was added in a concentration of 30 mg. per 100 cc. from *he proi 

if all the theoretically possible amounts of sulfan ,g I.IO.OOO. 

soluble and prontylin raaltoside the concentration of 


The services of a full-time technician skilled in hematology 


and baeferiobff 


are essential. owtli 

Experiments Ilhistrating the Usefulness of the Methods. ^ pie niok 

in Fig. 3 are derixmd from the data in Table II from the 
of action of sulfanilamide on the beta lierooljdic streptococcus. th« 

the possibility' of comparing controls uuth different d'f 

therapeutic agent, in this case, sulfanilamide; of the 

effects on the noxious agent over a period of time; and of segrc^i 
of cells from the effects of serum. To date no research or c i ^^ 1 ], 

been found which cannot he explained by the conclusions on 


fanilamide derived from this study. 
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The grou*th ciir\es in Figs 4 and 5 ha-ve not heietofoie been published 
They illustrate the possibihtj of quantitatne comparison of different ther- 
apeutic agents on the same nOMous agent In animal e\peiimentation directed 
to the solution of the same pioblcm, eiiois might be due to failure of the pai 
ticular species to release sulfanilamide fiom the more complex compounds This 
release occurs in the human bodj and m these cultures Eiiois might be due 
to gnmg onlj 1 to 3 doses a da^ nhich \\ould gi\e an mteimittent high con 
centration instead of the unifoim low concentration leadih pio\ed to be neces 
sary by the mariow culture method Thtiefoic a slowlj absoibed oi excieted 
compound might appeal supeiioi to a moic tffcctnc compound given at too in- 
frequent intervals to maintain a unifoim concentration 


Tvbie 1 


Comparison of the Effects of T\pe I Antipnei\iocO(cis Rabbit Serum and 1 10,000 
Sulfanilamide With the Same Dose of AvTi«!Ert&r on T\pe I Pneumococcus 
Inffctions in M\Rrovv (iitlpes* 


HOURS 

0 

38 

24 

43 

70 

Atiti<!erum, 2 5 units per e c 

(> 

2oon 

'*(1 ono 

37o 000 

100,000 

Anti«ierum, 2 5 units per c c 
plus sulfanilamide 

6 

10 

) 

35 

4 000 

Antiserum, 12 5 units per c c 

0 

(»0 

3 son 

S5 000 

15,000 

Antiserum, 12 5 units per c c 
plus sulfanilamide 

C 

20 

0 

0 

0 


•The control cultures and the cultures containmt 1 JOOOu sulfanilamide alone unlformp 
reached counts of 10 000 000 to over 100 000 000 per et within tutntj four to th rtj six hours 
the controls reachlne these levels six to twelve hours before the cultures containing sulfanil 
amide 


Quantitative studies on the comparative action ot sulfanilamide and anti 
pneumoeoecus seium on the tjpe I pneumococcus fiom which Table I is taken, 
illustrate the possibilitj of studving tlic interaction of var^ mg concentrations of 
two different therapeutic agents on the same noxious agent Similar studies on 
^be t>pe II pneumococcus, not Iicrctoforc repoited, aie given in the growtli 
curves in Fig 6 Note how dcfimtelj this shows the superiontj of combinations 
of sulfanilamide and antipneiimococcus seium over the same concentrations of 
oithei alone To obtain this mfoimation by clinical investigation, it would have 
been necessarw to studj’’ hundreds of cases of the same tjpe of pneumococcus 
pneumonia during one season, with treatment begun on the same day of the 
disease, and identical except for the use of specific antiseium or sulfanilamide 
These would have to be divided into at least fom unseleeted groups for 
therapy controls, those given sulfanilamide alone, those given antipneumo 
coccus serum alone, and those given both sulfanilamide and antipneiimococcus 
^erum Even then tliere would be man> variables of size of the infecting dose, 
'irulence of the oiganism, race, age, sex, heieditj, alcoholism, svphilis, etc, not 
adequately controlled as m the mariow cultuie cxpeiiments rurthermoie, the 
controls and those treated with sulfanilamide alone would probabh have had a 
biglier moitalitv than those ticatcd with adequate amounts of antiserum as at 
present, so that some lives would have been lost urmecessaith One would even 
then not know if smallei amounts of antiseium might lustifiabh be tiled with 
sulfanilamide It wall still be neecssaij to study a large senes of patients w itli 
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Fig. 5. — These logarithmic growth curves were 10.3 mS. P'J 

the same manner as those in Fig. 4. The actual concentration of d p jyjfjjpiianildE, 
c.c. Although diseptal is effective, it is apparently not os cffectne tendency to ptodo™ 
manufacturers have withdrawn it from clinical use because of 
polyneuritis. 


Growth Curves oF TypeH Pneumococci 




' / 


X^/ * >• / 

jp/ 


y Suirdnt^a midc 1 10.000 antiaerum lOunit pcrcc. 

/ if / / / JIZ5iilfan.um<lEli0.0P0afil«™mZ.5unil5PC''ai 

ij /•'' '''''' ' IIQOOOart.5cmni ItSuab « 

///yXy y''' 

t^pcnmcot-lTl 

y typcrvmcrit - m2 


® hours since moculATi0M0^-%tu«°=°‘t'' Mar niann'^'' ‘® ‘thc'ce^' 

Fig. S.— These logarithmic growth curves were obtained pn”unioc^; 

the type I pneumococcus.* Sulfanilamide plus from the ‘Ifilifer count jrjjj 

responding concentrations of either alone. The chief d'fmre . reach a hip c jp-v 

experiments are that type II pneumococci multiply more rap * jjjgt type It “ 
controls; sulfanilamide alone is slightly more rffcctice tna ^ 
antiserum Is slightly less effective than in the type I exp 
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pneumonia, alternating antiseium alone ^Mth antiserum plus sulfanilamide 
With this work, houevei, as a guide definite information ought to be deri\ed 
much more quicklj Such studies aie ahead} in piogiess “ and at pieseiit ap 
pear to be corioborating our conclusion that for the effectne action of sul 
famlamide, specific bacteneidms must be piesent be introduced, oi be de 
> eloped 

PROBLEMS WHICH SHOULD BE IWrSTIGVTFD B\ THFSE METHODS 

Problems m manv fields of medieint offer piomist of solution b\ these mar 
rou culture methods Onl} actual tinl will determine whether an} of them 
may be sohed A fen aie here listed as cvmiples oi the t\pc of in\estigation 
to nhicli ne feel this method is suited Man\ others mil occui to anjone who 
studies the possibilities of the methods 

Metabolism Studies should be made of tiu effects of \aiiation m os.} gen 
or carbon diovide tension, tcmpcxatiuc and ot excess oi doficienc} of each 
liormone, vitamin, mineial, ammo acid etc 

Hematology Studies sliould be made of flie histogenesis of the cells, 
the growth chaiaeteristics of maiion fiom each div iso the effects of theiapeutic 
agents on marron fiom each disease the efiids ot seium from patients with 
blood djscrasias on normal manow, etc 

Malignancy The effects of carcinogenic agei ts on noimal cells, and of 
alpha, beta, and gamma rays, aisenic, etc , on Icucemic oi malignant cells should 
be investigated 

Theiapeutics Studies sliould be made of the cttcots of sulfanilamide and re 
lated compounds on every known miciooigatusni ot the effects of antipeinicious 
anemia principle on pernicious anemia imirow oi non on the manow of hjpo 
chromic micioc}tic anemia, and of the effects of to\ms such as lead, benzol, 
ammopjrine, etc 

Bacteriolog} The coiuse of infections wrth eacli known mieioorganism, 
and the influence on tins coiuse of drugs and Inologic and physical agents should 
be investigated Attempts sliould bo made to gion Tieponcma pallidiim, iiinses, 
and other oiganisms difficult to glow outside the human bod, 

Immunologj Aiitibodi production, allcigt, tlie effects of antiseia, anti 
lovms, and bacteiiostatic oi antiseptic agents on infections nith each 
mieioorganism should be studied Possiblj, improied methods of standard 
izmg biologicals could be developed 

Paiasitologj Attempts should be made to cultnie malaiia, amoebae, 
trjTianosomes, and othei paiasites difficult to glow outside the human bod,, 
and studies made of the effects of theiapeutic agents on these parasites 

CO^CLUSIO^S 

These tissue cultuic methods should pioie a valuable supplement to animal 
experimentation as a guide to clinical investigation, and should be of value in 
research in man, fields of medicine and biologv Illustiativc studies herein 
reported indicate that the action of piontosil soluble, diseptal, and prontvlm 
maltoside could be explained b, the amount of sulfanilamide released, and tint 
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these compounds are less effective than equivalent amounts of sulfanilamide it- 
self. These studies also indicate that in pneumococcic infections sulfanilamide 
plus type specific antipneumocoecus serum should be more effective than either 
alone or than much larger doses of antipneumocoecus serum alone. 

We are indebted to the Winthrop Chemical Co., Inc., for supplying us -with the prontoiJ 
soluble, prontylin maltoside, and diseptal used in these experiments. 

We also wish to thank Eli Lilly & Co. for kindly supplying us with tiie types I ati 
II antipneumocoecus sera used in this study. 
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LABORATORY METHODS 


A SIMPLIFIED METHOD FOR CONTINUOUS INTRAVENOUS 
INJECTION INTO SMALL ANIJLVLS' 


C Arthur Woerner Pii D Chicago III 


1NTR0DU< TIO\ 

T HIS method of coiitmuoub iiijcclioii into siiiill animals uas de\eloped in 
counectioii AMth a senes of evpeiimeiits to t!<teniiiiie the eftects of con 
tmuoiis lutla^ellons injection of dcxtiose on the c\tolOe.iL constituents of the 
cells of the islands of Langeihans (\Yoeuicj PM*') Hie guinea pig nas used 
because of the e\tensne studies that ha\o been nude on the c}tolog> of the 
islands of Langeihans in the pancieas ot the ^nmi i pig b^ R R Benslej 
Continuous injection methods ha\e been de\e)opeil AVood\att (1920) and 
modified bj Cohiell (1930), Jacobs (1931) uul bos) n (1933) u Inch lia\e been 
^e^J successfully used on the dog foi peiiods of nniii\ dns TJie method de 
seiibed in this iiapei has been used on the .umet pi^ tor peiiods as long as 
twenty eight days 

The use of small animals has se\eial achantv*'^ In injecting a gneu 
(juantity of a substance per unit of bod\ \\cic,ht inucli sinallei quantities aie 
used As, foi example, to inject 1 gm pei kg ot bod\ weight m a 10 kg 
^og, 10 gm are needed, while to inject 1 gin pti kg of body weight ni a 
500 gni guinea pig, 0 5 gm aie used With the method desciibed in this 
paper it is possible to inject as many as thiee to fne animals at the same time 
With one machine and, in addition, it leqiiiies much less space than is needed 
for dogs In taking pieces of tissue foi histologic and cytologic studies, a 
piece of a given size in the guinea pig lepicsciits a laigei pait of an oigan 
than would be the case when using a laigei animal Since metiiods of blood 
analysis aie a-vailable, leqiming samples as small as 0 1 c c , main experiments 
can be done which foimeily leqiiiied much laigei samples In the cxperi 
inents on the continuous injection of dextioso, blood sngai deteiminations were 
made using 01 cc samples (Slillei and Van Shke, 193G) Basal metabolic 
rates can also be detei mined (Cole and AVoinack, 1934) 

Pvcpujation of Appo} otus — Tlie continuous injection machine is drnen by 
a sjaichronous electiic motoi and can be made to Iiold as main as 5 sywinges 
(Fig 1) The machine was so made that, with the dog c moung one tooth of 
the ratchet gear d per re\ olution and tlie shaft of the motor i e\ o]\ing 2 r p m , 
n 50 e c syiinge injects 1 cc pei houi The eccentiic h is mounted so that it 

•From the Department of Anatomj the Unnersitj of Chicaeo 
Recel\ed for publication Julj 7 19S8 
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call be adjusted to move the gear d 1 to C teeth per i evolution and inject 1 
to C e.e. per hour ivitli each syringe With the machine set to inject 2 c.e. 
per hour per syringe, dift’erent lates tan be pi educed by coiiiieeting the tub- 
ing from more tliaii one syringe togcthei and inject 2, 4, or 6 c c per hour 
without the iiiacliine requiring attention more than cnee in twenty-four liours. 





„ Fig. 3 — The cages A, Viewed from abo\c B, Viewed from side C, Viewed from end 
In which guinea pig Is confined h. Metal traj in which food is pliced c. Glass and 
tubing leading from Injection apparatus to the animal d. Bottle containing solution to 
Injected e. Calcium chloride tube flllecl with cotton to prevent contamination of solution 
V -^be continuous injection apparatus g. Bottle m which the urine is collected for anal j sis 
H^nip on tube leading to solution bottle when machine is injecting i Clamp on tube 
‘baaing to animal that Is closed when s>ringes are being refilled from the bottle (dj 

The glass tubiug, % iiicli in diameter, is bent ni tiie siiapcs required as 
hidicated in tlie drawings of Figs 2 and 4 The specially bent glass tip, that 
connects the larger rubber tubing to tbe small intravenous rubber tubing, is 
diawii so that it is small eiioiigli to pass into tlic intravenous rubber tube and 
I>cnt to fit tlie neck of tlie animal. If tlic injection of the desired substance 
‘S to be interrupted, a second bottle of saline is attaelied througli a T-tiibe. 
The glass and rubber tubing and the sjriiige are assemblod as sliown in Fig. 4 
and wrapped in a towel. Tliey are llieii antoelaied at 15 pounds of steam 
pressure for fifteen minutes If the solution to bo injected is Iieat stable, it is 
Pnt into tlie storage bottle and antoclaied at the saiiie time. 
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After the solution and apparatus have cooled, the p luiger stora?® 
is coated noth sterile petroleum jelly aud the glass tube connee 
bottle (Fig. 3d and Fig. dh). The system of tubing and the of tiie 

with solution by manipulating the plunger of the syringe s j;,jefiion 

air is expelled from the system. The s 3 ’Tinge is then samel'“’' 

apparatus aud where two or more animals are to be stai e > an)' 

this part of the apparatus is assembled for all of the annn 


them are prepared for injection. 


WOERNER JtETHOD FOR CONTINUOUS It»TRA\E^TOCS INJECTION 967 

hisciiwn of the Inti avcnoits Tithe info the Van of the Animal -~The lutia 
■venous uibTliei tube (clescubed b} Jacobs 1933 and 1934) appio^miatei> 8 cm 
long, IS put into the external jngulai \eni This lubboi tubing should be just 
small enough to pass easil;y thiough a ISo lb needle Smallei tubing lias been 
found to be nnsatisfactoi} Aftei shdMii^. the neck ot the animal the skin 
IS u ashed uith 70 pei cent alcohol 'Ihc skm m the niullme fiom the steinum 


— • f ■ I * 


S — The 10 cc sjrlnge "with No 16 nectHe anl JntiavfnoHS tube (Jacobs 1934) 



between two of the akin cHps 
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cephaiacl for about 5 cm. is infiltrated with a 1 per cent solution of procahe 
hydrochloride. An incision is made extending from the sternum cepliahi 
about 4 cm. The external jugular vein on one side is dissected clean and a 
linen thread is passed under it (Pig. 6a). A 10 c.e. Luer syringe, fittednitli 
a No. 16 needle into which the intravenous rubber tubing has been preiioml; 
inserted so that the intravenous tube extends almo.st to the point of tie 
needle, is shown in Pig. 5. The tip of the needle is then put into the leia 
(Pig. 6h). Pressure is applied to the vein at the base of the neck, and a 
moderate traction is put on the ligature around the vein. The pressure on 
the vein at the base of the neck is then released, and the intravenous rubber 
tube is forced into tire vein by gentle pressin-e on the plunger of the syrii®. 
Care must be taken that not moi-e than 2 or 3 cm. of the tube are put into 
the vein. A gauze pad is then placed over the vein to secure the tubing and 
the needle is withdrawn, leaving 2 or 3 cm. of the tube in the vein (Fig. Cc). 



CL J} 

Pig. 7. — a. Neck of the animal with bandage, showing glass Dp ^£ 3 ^; to 

travenous tube, h. Glass tip ready to be taped to the neck of the anim . i 
be put into the cage. The injection has already been staited. 

At this point a syi-inge fitted witli a No. 20 needle is pi'e 

small amount of saline into the vein by putting the No, 20 nee e 
distal end of the intravenous rubber tube. Blood can non be nn 
the tube into the syringe if the tube has been properly insei te in 

venous tube can now be stitelied to tlie fascia of the neck o 
three different places (Pig. 6f?)> so that the tube forms a clips 

end points caudad (Fig. 6c). The incksion is then closed wit i 
the tube is allowed to pass through the incision between tvo clips ^ . 


UII tl|C IB- 

ze bandage, slit to 


eephalad of the sternum (Pig. 6/). A gauze 
travenous rubber tube to pass through it, is held in place } 
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at the base of the neck and one mound the thoia\ A small amount of saline 
IS then injected tluongli the tube *iiul blood is dianii back into the sjinige 
to test the patencj of the tube Anothei small quantlt^ of saline should noi\ 
be injected to cleai out the tube 

The specialh bent glass tip ol the nijeition appaiatus can non be put 
into the intia^enous tube as shoun iii Fig 7a The ghi'Js tip (Pig 7b) is 
taped seciuelj to the neck of the animal (Pig 7c) and the animal placed in 
the cage (Fig 8) 



Tig 8 —The complete apparatus in operation with thicc gu n a pigs being Injected Each 
animal Is reccMnff - cr per ho 


111 eomiectiiig the glass tip with the intia\enous lubber tube (Fig 7a) it is 
iiecessan, of eouise, to a\oid letting an get into the system Tins can be done 
if the injection machine is lunning When moie than one animal is to be 
started at the same time, the clamps Pig 3i and Pig 4/ should be closed so 
that ail in the tip being connected can be expelled and no solution need be 
injected into othei animals alieadj in the appaiatus In changing and refilling 
the apparatus eaie must be taken that the clamps aie manipulated so that one 
does not dian blood fiom the animal back into the tube When the sjiinges 
are being refilled, theie should be a little piessuie in the system This can 
be pioduced b-\ Iiaxing both the clamps (Fig 3/i and i, and Fig 4c and /) 
on the tubes and opeiatmg the appaiatus be hand aftei nhicli the clamp on 
the tube leading to the animal can be leleased 

The cages (Pig 3) aio made of nire with a mcsli of appioximatel^ Vj 
mch The^ aie jnst high enough so that the animal can stand comfortablj, 
and wide enongli foi the animal to fit into, and \et small enough so that the 
animal cannot turn aioniid oi climb up the side of the cage Foi guinea pigs 
^velghlng appiOMinatoh 500 gm the cages aie made about 8 cm wide, 10 cm 
lugli, and 30 cm long A slit is left iii the top of the cage to pei.nit the tube 
to pass mto the cage (Pig 3) A small metal dish (Pig 3h) is fitted into one 
end of the cage foi food and a bottle (Fig 3*7) with a funnel and filter paper 
1^* placed uiidei the othoi end to collect luuie foi analysis 

2 ana 3 are roproduced - **1^ the Wistar Institute from the Anat 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


REFERENCES 

1. : Studies of to Islands of Langerlians After Continuous lutrarpF-; 
Injection of Dextrose, Anat. Eec. 71: 33, 1938. 

2. Bensley, E. E.: Studies on the Pancreas of the Guinea Pig, Am. J. Anat, 12: 297 iSlJ 

3. Bensley E of the Islets of Langerhans, The Harver Lectan., 

Senes X, Philadelphia, 1915, J. B. Lippincott Co., pp. 250 2S0. 

4. Woodyau, K. T.: An Improved Volumetric Pump for Continuous Intravenous Infetip^. 

J. Biol. Chem. 41: 315, 1920. 

5. Colwell, A. E. : A Clock-Timed Gravitj^Device for Delivering Solutions at Consfast Dal” 

Intravenously, J. Lab. & Cun. Med, 15: 556, 1930. 

6. Jacobs, H. E.: An Apparatus for Constant Intravenous Injection Into UnrcsfraMAti 

mals, J. Lae. & Clin. Med. 16: 901, 1931. 

t. Miller, B. F., and Van Slyke, D, D.; A Direct Microtitration Method for the Dekraita 
tion of Sugar in Blood, J. Biol. Chem. 114: 583, 1936. 

8. Cole, W. H., and Womack, N. A. : A Simple and Inexpensive Apparatus for the Detsr 

mination of the Metabolic Bate in Guinea Pigs, J. Lab. & Clin. Med. 19; 510, 1931. 

9. Jacobs, H. E. : A Practical Method for the Continuous Administration of Fluid loin- 

venouslj', J. Lab. & Cun. Med. 19; 768, 1934. 

10. Soskin, S. : A Simple Constant Injection Apparatus, J. Lab. & Clin. Med. 18: 120, 1933 


IMBEDDING OP THE SEMINAL FLUID*' 


A Contribution to the Study of the Morphology of Sesies 


K. Joel, M.D., Jerusalem, Palestine 

I T AYAS possible to obtain a closer insight into the morphology of the senien 
only by the introduction of staining methods (Moench,' Carj' aud Hotchkiss, 
Stiasny and Generales,^ IMicIiael and JoeU) . Most of the investigators, however, 
studied the spermatozoa exclusively without considering the cellular factoi's o 
the semen. Onty a few authors, as Puerbringer and Y'^aldeyer, refened to t e 
cells which were found in the semen as "indifferent” testicular ceils. Kecent].Vj 
however, Michael and JoeU pi’oved from the study of a large number of semina 
fluids that the cells found in these fluids were part of spermatogenesis. * 
over, they could observe the phenomenon of spermiophagia in the vital 
tion as well as in the smear. In addition, the determination of the nirni er 
cells, their types, and their nature ndth simultaneous consideration of m® 
motility, and nature of the spermatozoa, enabled a differential diagnosis 
established from the ejaculate between degenerative-regenerative an 
changes of the testis on the one hand, and the degenerative changes o 
epididymis on the other. jjj^ 

The smear method, however, was not sufficient for an exact stnd.i 
morphology of the semen, and this gave rise to the idea that we cou 
clearer pictures of the structure of the cells by imbedding the semma 
in paraffin. 

I 1 -lit- TlicEcni'^®' 

The following is a description of the method I have workea oni. ^ 
used at the most a half to one hour after ejaculation, is centrifngci o 
minutes (at 3000 rotations per minute). The supernatant fluid is 
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and the centrifugate is kept for fort\ eight hours in a test tube Mitli 4 per cent 
foimalin, which should be changed aftei tuehe and tuenti four hours Tlic 
ejaculate is now someMhal firmei in shape The formalin is then decanted, 
50 per cent alcohol is added for t\\eut\ foui houis, for the next twenty-four 
Jioiii’s, GO per cent alcohol, and so on nitfi mci casing concentiation, each time 
10 per cent moi’c coneenti'ated for 24 houis, icspcctneh The absolute alcohol, 
honever, is allowed to stand for fort 3 -eight lioiiis, diumg which period it should 
be changed twice. Now the ejaculate, which tormerlj seemed to consist of 
crumbs, has been transformed into a uniform mass 



Tig 1 —Smear sJjon'Ine' spermatozoa m TvlilcU 1 aetH tincl tail are disil^nctn 
recoffntzable In addition there are 5 cells 3 of which nre >pcrniiocjte^ (S) m different Mates 
of division , a macrophage <>!/) and a giant cell (G> arc aUo pr^^seat ^ The smear most dlstinctn 
shows the contours of the spermatozoa OH immer'»ion magnified oOOX 


The preparation should now be put into aicohol in decreasing con- 
centration for one-half to one hour: 

9 parts alcohol + 1 part lol 
8 parts alcohol + 2 parts ■c>lol 
7 parts alcohol + 3 parts ^.jlol 
6 parts alcohol + 4 parti %v1q 1 
5 part^ alcohol + 5 parts xvlol 
4 parts alcohol + 6 parts xvlol 
3 parts alcohol + 7 parts xi-lol 
2 parts alcohol + 8 parts sylol 
1 part alcohol + 9 parts xjlol 

The material is then put into xjdol paraffin for half an hour and then 
pkicGd in the incubator at 5S® C for three hours iii soft paraffin with a melting 
point of 54° C., and for three hours longer in hard paraffin with a melting point 
of 60^ C. Finally, the semen is imbedded into the same paiaffin- 

After this is completed, the block is cut into sections 2 to 3 microns thick, 
if possible as serial sections The sections aie Kept in the incubator for twenty- 
four hours at 38° C The prepaiations ar#* stained w itU haemalum eosiii, trincid, 
and iron hematoxylin. 

The advantages of this method arc of scientific as well as of piactical na- 
ture On the one hand, this method enables us to gain insight into the finest 
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structure of the spermatozoa as well as the other cellular factors of tlie cjacukle 
and it gives a concentrated visual picture of the nuclear matter. On the otkr 
hand, from a practical aspect, the abundance of cells found in sucli ineparations 
enables therapeutic effects to be studied, since, according to our expciionco, 
therapeutic effects in the beginning cannot be judged bj' the spermatozoa them 
selves but by the regenerative processes of the preliminary cellular stages 
Moreover, the imbedding method enables the differential diagnosis betvfttn 
aspermia and azoospermia to be established. 



been . lost 0 T^lng ‘o 


Fig. 2 — Imbedded preparation. The tails have been lost 
and only the heads are seen, iNhioh are small, round, sometimes comm cell 

photomicrograph demonstrates the presence of abundant cellular suosiant , f gp^^niatogonj} 
of snermiosrenesis. The lain-e oells me nincroDhatres (il/) , there are, in aaaiuu . 


Oil immersion, magnifled 900X. 


Aspermia: Absence of spermatozoa and their cellular pieciusor 
duced by a high degree of testicular atrophy or by obstruction o 
canals. The smear, in this case, does not contain anything but some m 
a few prostate crystals. The paraffin preparation shows the same p^^c 

Azoospermia: Absence of spermatozoa, hut presence of jnthc 

forms. This condition is brought about by partial atrophy of t le 
smear we find some scattered cells of spermiogenesis, but 
In the imbedded preparation there are manj* more cells owing to cei 
and the morphologx^ of the cells becomes much more obvious. „,ptho(i 

These differences in cellular findings, w'hich are very evi 
help ns greatly in differentiating between aspermia and azoospeun 

. , f» a1- ^ nTlCl 


The difference between the diagnostic value of the smeai. 


imbedded preparation is made obvious by the 


lU Ui- ' 

enclosed photomicrograpl'S 
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LAUGHLEN TEST FOR SYPHILIS COjMPARED WITH THE 
WASSERAUNN AND ICAIIN* 


M MURICK R jMooRr, B A , jM I) CM, Norwich Cow 

J N AUGUST, 1935,* a new lapicl agjrlutmation mctliod was desciibed as a test 
foi sjphilis This new pioeedme was considcied to possess numeious out- 
standing advantages * It is moie lapid and « isui to peifoim The leadings aie 
more distinct because the^ depend upon an iggiutniation ot coloicd particles 
in an unstained medium Since it icscmbhs tiie nutliods emplojcd in t\ping 
blood, hospital interns and otheis aie familiai with the technique As the 
reagent is stable for at least se\eial weeks il is rtadv foi use in emeigencies 
It affords a eon\cnient means oi gradin'? Mie de-it^'s of jiosituih Accuiaci 
has not been saciifieed to seeuie speed oi simplKil\ J he te&t lequnes onh small 
amounts of material 

These ad\antages would attiact aiijone who jssutnes tlic icsj onsibilities 
of a clinical laboiatoij, this is paiticularh tiuo when one lecalls that this 
method was first described on uninactivated seia, timesaMiig featiue latei 
discarded 

It was decided to compaie this test with the K.dm and Kolmer Wasseimann 

tests 

Two technicians did all the tests in older to keep tlie pei*sonal element of 
diffeionce at a minimum The leagcnt was purchased fiom the Lcdeile Co, 


T\ble I 

\CTI\ATFD SePOM 


KAHN LVUCIILEN 

1 KAIIN LVbCnhES 1 KAHN LVUOIILEV | 

KAIIV IsVUQHLEV 

i'os 4+ sp* 1 

Pos 3+ sp 

Quest s p 

Jfeg s p 1 

04 iPos 4+ vv p t 

1 2jpQ8 3 vv p 

[ 9 j Quest vv p 

12|Neg vv p 

1 

1 01 

12 ' 
|12| 

1 Fos 4+ Quest 

IPos Quest 1 

Quest Quest 

[Ncg Quest 

0 1 
1 
3 
31 i 

Pos 4+ Keg 10 

Pos 3+ Is eg 5 

Quest Neg 14 

^eg ^eg 202 

Totals 1 

87 1 1 

49 1 1 -11 1 237 


•sp =: strongl> positive 
tw p — positive 


Tvbie II 

INVCTIWIEP &EPUVI 


I KAHN L\UG»EEN | KAHN LMJOHLFN { KAHN l.M,GHLEN 


^os 4f s p 

Pos 3+- g p 

Quest s p 

sp 

1 

0 

0 

4 

Pos 4+ vv p 

Pos 3+ vv p 

Quest w p 

Neg vv p 

5 

1 

1 

4 

Pos 4+ Quest 

Pos 34* Quest 

Quest Quest 

Neg Quest 

0 

0 

n 

Fos 4+ Nog 2 

Pos 3f Neg 2 

Quest Iveg 1 

In eg Neg 107 

Totals 

5 

mi 

a 1 112 


•From the Laboratorj of the ■William W Backus Hospital Norwich 
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New York, and the instructions submitted with the antigen were regarded eare 
fully. At £rst we were advised to use uninactivated serum; hter hiacimtk 
was recommended. This is indicated in each table. 

Table III 


Uninactivatep Serum 


WASS. LAUGHLEN 

WASS. 

LAUGHLEN 


WASS. 

laughlen 


WASS. 

uvomx 

Pos. 4+ 

s.p. 

SO 

Pos. 4+ 

w.p. 

22 

Pos. 4+ 

Quest. 


Pos, 44 

Hei is 

Pos. 3+ 

s.p. 

2 

Pos. Sh 

■VV.p. 

3 

Pos. 3+ 

Quest. 




Pos. 2+ 

s.p. 

2 

Pos. 2+ 

w.p. 

0 

Pos. 2+ 

Quest. 


Pos. 2+ 

Neg. 3 

Quest, 

s.p. 

0 

Quest. 

w.p. 

3 

Quest. 

Quest. 

1 

Quest. 


Neg. 

s.p. 

2 

Neg. 

w.p. 

S 

Neg. 

Quest. 

2 

Neg. 


Totals 

56 


36 

1101 . 


Table IV 

Uninactivatep Sebum 


d 

CO s 

” s § 

^ i S 

i § i 

g a a 

a 

s s i 

§ a 

1 

"0 

Pos. 4+ 
Pos. 3+ 
Pos. 2+ 

Pos. 4+ 
Pos. 4+ 
Pos. 4+ 

s.p. 

s.p. 

s.p. 

49 

1 

1 

Pos. 4+ 
Pos. 3f 

Pos. 4f 
Pos. 4+ 

w.p. 1 19 
w.p. j 2 

Pos. 4+ 
Pos. 2+ 

■ 

■ 

1 




s.p. 

1 

Quest. 

Neg. 

Neg. 

Pos. 4+ 
Pos. 4+ 
Pos. 3+ 

ir.p. 

w.p. 

w.p. 

1 

2 

2 

Quest. 

Quest. 

Neg. 

wn 

Quest. 

Quest. 

Quest. 

1 

Neg. 

S 

1 

1 

- 

T 

0 

! 

! 

6} 

52 

Pos. 4f 
Pos. 3+ 
Pos. 2+ 

m 

s.p. 

S.p. 

s.p. 

i 

1 

Pos. 4+ 
Pos. 3+ 
Pos. 2+ 

Quest. 

Quest. 

Quest. 

w.p. 

w.p. 

w.p. 

2 

1 

1 


m 

Quest. 

Quest. 

Quiit 

Quest. 

Quest. 

Quest. 

Quest. 

Quest. 

1 

H 

m 

Neg. 

YcgT 

h'eg. 

Neg. 

Neg. 

Neg. 

Quest. 

Neg. 

Quest, 

Pos. 4+ 

Quest. 

Neg. 

Totals 55 1 

Quest, 

Quest. 

Neg. 

Neg. 

Neg. 

Neg. 

w.p. 

w.p. 

w.p. 

w.p. 

w.p. 

w.p. 

i 

1 

1 

1 

6 

42 

Neg. 
Pos. 4+ 
Neg. 
Pos. 44 
Pos. 34 
Neg. 

PDS. *4 

Quest. 

Quest. 

Neg. 

Neg. 

Neg. 

zm 


DISCUSSION 

Tables I-IV are divided into columns based upon the practical 
this work. 1 1 • litc 

Pour hundred and fourteen uninaetivated sez’a (Table I) jatis 

Laughlen and the Kahn methods. The bloods were from new am 
for diagnosis and treatment control patients. 


21.98 per cent (91) gave a definitely positive reaction nit^ hie 

Laughlen tests. , jjic 

60.S per cent (250) gave a definitely negative or questionable reac 

Kahn and Laughlen tests. eaction vitli 

10.86 per cent (45) gave a definitely negative or questionable i 
the Kahn; and a definitely positive reaction with the La g 
. 7.2 per cent (28) gave the Kahn, definitely positive and 
definitely negative or questionable. 

































JIOOnE LAUGHLtN TEST COMPVHtD U^CSCPAIANN AND I^.AH^ 975 


Those figiuGS shou that the tA\o tists agitt in 82 pei cent of the senes, and 
an IS pel cent eiior b\ the Laiighlen if nc aie to accept the time honoied Ivahn 
tests as a substandaid 

It ^\as uhile oiu ^vo^^v -was bung dont that ^\e \\cre adused to inactuate 
the serum The intioduction of this step .lutomalicallj canceled the one gieat 
advantage of the Laiighloii test IIouuoi it uas decided to inn a smaller senes 
on inactnated seium, 130 scia (Tiblt 11) wcic tested, and these neie obtained 
horn nen admission patients 

5 os per cent (7) shoi\3 the Kilm in I I tnghlen definite^ positive 

84 0 per cent (110) ''hovvs flic Jv dm ind Liu^hJen j/uestioniWe or negitne 

09 per cent (9) shows the Ivilin negitiv< ml the L^lJghUn definitel} 
positive 

3 07 per cent (4) shows the Ivihn definitch po itue md the Laughlen 
questionnble or negntivc 

The accuiacj of the Lauglilcn test as hue pidgcd b\ the Kahn, ^\a& in 
cieased bj mactuating the scia The tuo t<s(s gan the same icactions m 90 
per cent and definitch disagieod lu 10 pci ctnl ot the tests This is an im 
pioiement of 8 pci cent o\ci the nnniatfnahd suns 

184 «!ern (Tnble HI) were «ulmutlcd to the K ln>cr \\ rniann and Lnugh 
Ion using iinimctivated «crimi f r tfe igkh I nation test 
42 9 per cent (79) showed the '\\a«sernnnn nol I ugl Icn deCmtclj post 
tno 

7 00 per cent (13) showed the tVassenmnn quo tion I li or ntgative ind 
the I 'nighlcn dcfinitct> poMtne 

13 5 per cent (23) «liowed the It ernmtui Ufimtolv j o-itive and the 
Lniighlen questionable or negative 

30 4 per cent (07) sliowod the t\a<!scrmann ui 1 L ugldtn quoctumable or 
negative 

In compaijson nith tiie AVassei maim icaction, fho Liughlcn test nas 
ciioiicous in 20 56 pel cent of 184 tests 

A senes of 189 seia (Table IV) vvcio tested I»\ the Wasseimann, Kahn, and 
Laiighlen tests, nsing nnniactnatcd scium foi the Lau?hlon 

‘’S per cent (72) ga' c the IVasscrni inn Kahn ind Laughlen dcfinitclj posi 
ti\e 

10 05 pel cent (19) gave the W is^enninu and Kihn definitel) positive iin 1 

the Lauglilcn as qucstionalde or ncgitivc 
"'17 per cent (0) gave the lescrjnann question ihlc, the Kilin definitely 
positive, and the Laughlen definitely positive 
1 j er cent (4) gave the 14 questionable, tJjc Kuhn definitely 

positive, and the Laughlen questionable or negitivc 
4J ptr cent (S) gave the. Wnssermann positive, the Kahn negative or 
questionable, and the laughlen definitely positive 
2G jier cent (5) gave the ‘Wishomiann positive, the K ihn negative or ques 
tion ibic, and the Laughlen questiomWo or negative 
5 8 per cent (11) gave the A4as<5emiinn and the Kahn negative or question 
able and the Laughlen definitch positive 
3 S per cent (04) give tin 44 as-erm inn negUive or questionable, the Kahn 
and Laughlen negative or questionable 
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Table IV shows the Wassermann, Kahn, and Laiiglden tests agi'ceraginih 
per cent (136 sera) ; in 15.87 percent (30 sera) the Wassenuaiuiaudlulmbv 
the same reaction, and the Langhlen test is definitely disagreeing ivitii botli. Ti’’ 
other 12.33 per cent (23 sera) give.s varied findings as tabulated, aid tlifii 
numbers are too few to be considered valuable. 

SUMMAKV 

The Laieghlen test, carried out in uninaetivated sera, shows an error o! Id'i 
per cent compared with the Kahn; of 20.56 per cent compared ^Yith the Ivdiau- 
IVassermann, and of 15.87 per cent compared with the Kolmcr-Vassrrma 
and Kahn. On inactivated sera compared with the Kahn there was an mot 
of 10 per cent. 

COKCEHSION 

The Langhlen agglutination test for syphilis compared with tlie Kolmcr- 
Wassermann and Kahn shorvs results too erroneous to justify the rccomniena 
tions of its use in its present form. 

REFERENCE 

1. Langhlen, G. F.: A Eapid Test for Syphilis, Cunad. 51. A. J. 33: 179, Ito. 


MICROMBTHODS FOR THE QUANTITATIVE ANALYSIS OF 
URINARY CALCUUr 


Herman Brown, B.S., Piheadelpiha, Pa. 


tN the course of an investigation into the composition of tic 
1 of urinary eaicuii, the need rvas felt for a scheme of anabscs 
yield quantitative data udien working rvith very small samp es. 
some urethral and ureteral stones quite small, hut when luai'ni- 

to secure quantitative data on the nucleus and shell sepaiatej, 
methods were found to he inapplicable to the amounts of matciu 

In the methods detailed in this paper recourse was j,iiero- 

involved in blood chemistry. These adaptations of ve.''!*’'"’' 

methods were checked against the usual macromethods, in gfC" 

calculi which are usually' lai’ge enongli to provide sufficien n ^ 
eral, the agreement rva.s quite good; differences greater t wi 

The scliemc ontlmed oeior ^ _ 


the exception rather than the rule, .jw...— i . in a hi^o""' 

lowing advantages over the usual macromethods; (1) j,jgy be 

in which an eight cup ceirtrifuge is available, eight sajup pli'C' 

tatively analyzed for c<alcinm. magne.sium, total nitrogen, pijm 

phorus, uric acid, oxalic acid, creatinine, and earhonic j,i conu^f''' 

days. (2) Convenience ; all the reagents, starrclards, anc njodific®**’” 

use in the average biochemical laboratory may be use 

•From the Research Institute of Cutaneous Jledicine, Phil.iC 
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Oiih a recalLulatioii of the stanclaul equnalents tiom element to anhjdiide is 
iiecessaij (3) The abo^e nine dctenuiiiations nnu be made on a 50 mg: 
sample it an oidinai\ anahtical balaiue is used If a midobalance is a^ail 
able, much smallei samples can be used 

Picjxnafwn of Sample — The ^allous lajeis of manj iiiinai^ calculi maj 
readily be sepaiated fiom each othei and tioin the nucleus bj manipulation 
with foiceps and scissois To cut the laigci stones, a ‘Jinall bone cutting saw 
IS of ad^antage In those calculi in which tlie \aiious lajeis aie pooih de 
fined a good sample of the outei lajei maj be obtained b^ siinph sciaping 
the outei suiface, and the sample eouespoiidiiig to the nucleus obtained bj 
digging out a small poition fiom the appioviniato centei of the cut suifaces 
Loss of sample will be a^olded if the stone b< tighth wiappcd in white papei 
befoie sawing Each sample is giound to a fnu powdei in a moitai 

Moisfwe — The powdeied sample is weigh d in a small tailed test tube and 
diied in an o%en o\einight at 104° to 105° ( Tlie loss in weight lepieseiits 
moistuie 

Calcium Oxide- — Twehe and a half ains of dned powder aie placed 

in a pjre\ test tube (100 bt 25 mm), and OH < < concentiated sulfuiic 
acid IS added Tlie test tube is then lieated o\ci a muiobiunei until maxi 
mum chaiiiug is attained, it is then allowed to <oo! nu what and 3 to 5 drops 
of supeioxol are eautioush added Ileatnv then lontnmed untd a water- 
cleai solution is obtained The entiie dige''tion leipuics about thiee minutes 
Tlie contents of the tube is then tiansfeued quantit iti\eh to a 25 c c ■\olu- 
metiic flask, made up to the maik with di''ttlled watei and mixed 

To 5 e e of the solution in a 50 c c conical (ontiilngo tube nie added, in 
oidei, 1 cc of 4 pel cent ammonium oxalate 3 diops of methjl led, stioiig 
ammonia watei to faint alkalinit\, and 5 pei cent acetic aeicl to faint aciditj 
Aftei standing two houis the piecipitate is centutuged down and the super- 
natant solution IS caiefulh pouted into anothei 50 c c conical centiifuge tube 
to be used in the magnesium detciminatioii In tnnsfeiiing this solution, the 
tube is allowed to dram a moment and the tip rinsed into the othei centrifuge 
tube means of a fine stieam of watei fiom the wash bottle Tlie piecipitate 
of calcium oxalate is washed and titiated aftei the niannei of Claik and 
Colhpi Titiatiou inaj be cairied out diiectb m the centiifuge tube after 
'’ohition 111 noimal sulfuiie acid (1 c c 0 01 N KMiiO^ = 0 28 mg CaO) (The 
peicentage calcium oxide lu dried powdei equals luunbei cubic centiineteis of 
0 01 noimal potassium peimangaiiate times 112 ) 

Magnesium Oxide — To tlie snpernatant solution fioiil the calcium deter 
iniiiation is added lee of 5 pel cent amnioiiiuiii phosphate, stioii^ .inimoiiia 
"atei diopuise to alkalmitj , and then 05 cc in excess The centiifuge tube 
IS allowed to remain oseinight and then treated according to the Denis- method 
fei blood niagnesiiiin The magnesium staiidaid loi blood eontaiiiiiig 0 02 mg 
»f magnesiuin pel 10 c c is ecinic aleiit to 0 0^31 mg imignesiinn oxide pel 10 c c 
Coloiimetei settings iiiaj base to be xaiied sonicnlint to accommodate the xai\ 
mg aiiioniits of magnesium in the ealenh, but xve base found that the magiiesinm 
content of the majoritx of ealeiili comes within the coloi lange of this standaid 
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Phosphoi-otis Pentoxicle . — The method of Fiske and Subbaroiv'* is apply 
to 1 c.e. of the above acid digast. This is placed in a test tube graduated at 
10 c.e., diluted ivith about 4 c.e. of watei-, and treated exactly a.s a blood filtrate. 
The blood phosphate standard commonly used (5 c.e. = 0.4 mg. pliosplionis] h 
equivalent to 0.914 mg. phosphorous pentoxide per 5 c.e. The color range vitb 
this method is closelj^ proportional to the phosphorous content, and the 1 cc. 
sample used permits the phosphorous determination of widely varying saniplt' 
without repeating on more or le.ss .sample. 

Total Nitrogen . — Other than ammoninm salts the cleterrainatiou of lota! 
nitrogen is roughly' a measure of the amount of uric acid to he expected and h 
helpful in determining the amount of uric acid standard to use in the iatler 
determination. The total nitrogen is determined on a 5 c.e. sample of (lie 
above digest which is carefully' neutralized to remove interfering phosphates 
(centrifuge) and treated exactly' a.s in the ammonium nitrogen cleterminalioa 
described below. It is of advantage to run both determinations simultane- 
ously, since the same standard ammonium sulfate solution suffices for both te-'h- 

Uric Acid . — To 12.5 mg. of dried stone piowder in a 50 c.e. te.st tube, aie 
added about 40 c.c. of 0.2 per cent lithium carbonate and the contents heated on 
a steam bath for one liour, with occasional shaking. The solution is fltu^ 
hot into a 50 c.c. volumetrie flask, the test tube being rinsed with a little lo 
water. The filtrate is allowed to cool and made up to the mark with 
One cubic centimeter is used for the determination, being diluted 
with water, and followed by' Brown ’s'* procedure. The usual uric aci ic® 
standard is used from which tlu'ce comparison standards are prepaie 
5, 10, and 15 c.c. of standard solution. These standards covei a 
content equivalent to 5-60 per cent of the calculi, a range which 
nearly all stones. If stronger colors are encountered, the test way e icp 
using 0.5 c.c. of the above filtrate. 

Oxalate . — Twelve and a lialf milligz'ams of dried stone .jejd, 

on the steam bath with about 20 c.c. of approximately noimal svi m 
After one to two hours’ digestion, the solution is filtered hot 
volumetrie flask, and the undissolved portion washed with a i c 
The filtrate is cooled to room temperature and diluted to the 
absence of uric acid the oxalate in the filtrate is determined Uli q 01 

cubic centimeters of filtrate are warmed to 60°-80° C, and ]!p- 

JSl potassium permanganate (1 c.e. of 0.01 N Klln 04 = 0.30 p i> 

cause of the reducing action of uric acid on potassium peimaUr 
better to remove the oxalate a.s calcium oxalate if much uiic aci^ jjg,,tralizc(l 
Five cubic centimeters of filtrate in a 50 c.c. centrifuge tu e m p,.(>viou-iIy 
and made acid with acetic acid as in the calcium of 10 

outlined, and the oxalate precipitated by' the addition o 
cent calcium chloride. After standing two hours the oxalatf '' 

exactly' as in the calcium determination, except that the ac oi 
used in the calculation. jxtratt 

Ammonhm. — Fifteen cubic centimeters of the aho^e ]0 

are placed in a 25 c.e. graduated cylinder and carefully neu i< i- 
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cent sodium lijdioxide AVatei is nddtd to the 20 t l maik and tlic pieeipi 
tate (pliospliate) iemo\ed bj eentiitiir.nv eiibir centiinitcis of the cleat 

supeiiiataiit fluid (ecpinaleiit to 7 5 t ( of oiijrmil filti itc) aie placed in a 
50 e c lohimetiic flask, about 20 c r of u itti and 2 diops ot 1 pei cent gum 
gliatti aie added, and then 5 e c of \csslei s solution Dilute to tlie mark 
and compaie the lesiiltmg eoloi iMtIi that ptoduccd b^ 3 cc of the nsinl 
ammonium sulfate standaid in a 300 t c %oliimetiic flask uhich has been 
simultaneously tieated i\ith 10 c c of NessUi s solution (3 c c ammonium 
sulfate standaid = 03 ing of N oi 0 3H6 Mfi) 

Cicatiiune — Pom the lemamdei ot flu ibo\e supeinitint fluid into a 25 
ce graduated mixing cyhndei and dilute to If) t c Add 1 c l of Tafle’s 
f leageiit,® mix, and compaie aftei fifteen immites with 10 c c of watei to 
which has been added 5 e c of alkiline pici.it If flu unknoun exliibits moie 
eoloi than that piodueed b^ the alkaline pui ife in \ ifti then the tieatinine 
piesent is deteimined b^ eoloiimetiit compmsoi with i stnukiid cieatinme 
solution simultaneously tieated with nllvaliiM pui it exatth as m the blood 
cieatinme deteimination ® 

CarhoJiaie — Since many calculi ha\e btiii r mid rue ot c iibonate a cjuah 
tatne test is first made A few giains ot p wdu d s| i e aie susppiided m a 
diop of watei on a raicioscope slide eo\eie(l with a m i e-1 iss and, while being 
obsened througli the low powei obieitni i du )t }i\<]iochIoiK acid is 
placed at one edge of the co^ei glass A'' tim ui 1 sitps iindei the co'vei 
glass, bubbles of gas will be seen to toiin it < nloinii is piesent To detei 
mine the amount of caiboiiate jnesent tin follow nn tliod a modification 
of Newcomb V utilized 

A long stemmed open end bell shaped sepmton funnel haMiig a well 
fitting tap (Pig 1), IS used The 50 c c size has a stem of suffitient size and 
hole (about 300 5 mm) Begmnnig with the stopcock end the stem is 

giaduated into cubic centimetcis which aie then Mibdnided into tenths A 
stem of the abo^e size can be giaduated into 5 ct with the subilnisions sufli 
cienth spaced, readih to peimit of estimations to 0 Oj c e The stem is con 
nected by means of a length of nitiometei tubing to a stiaight adaptei whicli 
IS used 111 place of the coinentioiial leiehng bulb The use of an adaptei 
makes foi moie acemate adjustment of the meicuii leicl IB means of a 
copper wiie fixed to the adaptei its height may he easih and aceuiateh ad 
justed and fixed b^ simply wiappmg the loose end of the coppei wne aionnd 
u img stand clamp 

Tile oiih othei piece of equipment needed I'l a small capsule used foi 
mtiodiicnig the sample Tins is leadih made fiom i piece of 10 mm thin 
"ailed plass tuhnig The tubing is collapsed in the flame ahnut 2 cm fiom 
one end, and the glass then diann do«n snfBiJenth small to fit into the hoie 
of the stopcock (Fig lA) 

Tlie leseling hulh is filled "ith tnoiigh moKnn to allow some oseiflou 
aboie the stopcoek ot the scparatoit fmniel About 10 mg ol stone pondei 
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are accurately weiglied into the tared capsule, the poivder being placed oa 
the side forming the shoulder. The tap of the separatory funnel is openeil, 
and the inerciu-y level is adjusted so that the mercury is about 0.2 e.c. lick 
the level of the tap. The separatory funnel is clamped at an angle of aboii! 
15° to the vertical. The draAvn out end of the capsule is carefully inserted 
into the bore of the stopcock, the separatory funnel is reset to a vertical pod- 
tiou, and the sample of powdered stone introduced into the stem by gentle 
tapping and prodding with a fine platinum wire. After most of tlie powder 



Fig. 1. — Separatory funnel will) graduated stem '12* the 'sample is 

small amounts of powdered sample. The capsule for introoucms 


tvitlidraiv 


i-n and 


has been introduced, the capsule with the adherent powdei is ^ 
reweighed. Sufficient distilled water is now added to fill the ° ^ of Id 
cock, the latter closed, and the excess water drawn off. Abou 
hydrochloric acid is now placed in the funnel above the to 

mercury level lowered about 0.5 e.c. The stopcock is quidd}' 

allow about 0.2 e.c. of acid to imn into the stem, aftei u atn'O'" 

closed. The gas as it is liberated is maintained undei jpvch ar^ 

pberic pressure by lowering the leveling bulb so that the mo j„ 

always nearly the same. After completion of the reactioiu jgyeiiug 
the stem is saturated with carbon dioxide by manipnlatu’D ^ pf O.o 

to produce an alternate rise and fall of the mercury lev e 
to 1.0 c.c. The leveling bulb is then ad.iusted so that t m arc 

brought to atmospheric pressure and the volumes o o i o 
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I lead off fiom the stem. Tlie baromotiu pic'^sure niul tojiipcratiire are noted, 
after which the Aveig:]it of carbon dioxide maj be (..iJcuIatcd from the usual 
formula : 

(J’-P') 

W = 0 706 X X (B+0.85 x A) 

Where "W — tVcipht in milligrnin** of carbon (liovido 
P “ Barometric pr(ssure in imllimctcrs 
P' = Vapor tension of water at t" C 
t = Room temperature in Centigrade 
B =: Volume of gas m t c 
A ~ Volume of atnl n iter in cc 

The value 0 85 represents the axerage amount of pas dis'-olved in the acid 
xvater at usual room tempetatures It the total xolumc ot acid water is kept 
below 04 C.C., this x’alue may be used ovei a tanl\ x\ide loom tempeiature 
range xvithout introducing any serious euoi The weight of caibou dioxide 
may, of course, also be taken directly tiom standaid tables x\itliout any cal- 
culation other than that reriiiired to doteimine the amount of carbon dioxide 
di«solved in the acid water, i e., 0 85 x A 


CONCLUSK'Ns 


A sj-stematic scheme ot quantitatne anahsis ot m man calculi is presented 
Methods for the determination of cahmni magnesium, total nitrogen, am- 
monium, phosphorus, uric acid, oxalic acid, tioatinme, and carbonic acid arc 
described. 

These nine determinations may he imuh m less ihnii 50 mg of sample xxith 
materials and reagents ordinarily used in a huK hemKal laboratory equipped for 
blood chemistry. 
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FURTHER OBSERVATIONS ON THE DETERMINATION OF 
SULPANILAAIIDE IN BLOOD* 


E. G. Schmidt, Ph.D., Baltimore, Md. 


I N A previous paper^ fi-om this laboratoiy it was shown that tlie sall'anikmih 
content of tungstic acid blood filtrates can be readily determined by meB? 
of sodium-beta-naphtboqninone-4-snlfonate. Further experience willi # 
method has revealed the fact that it does not give ciuantitativc recovery ia 
that 10 to Ifi per cent of the sulfanilamide is lost during deproteinizatioa. 
This loss seems to vary somewhat with the temperature, and ranges from Id 
per cent during warm summer months to about 15 per cent during the wiiiler 
when the room temperature averages about 20° P- lower. Ve are unable to 
explain why this discrepancy was not observed during the preliniinarj c.vperi 
mentation. Scudi- has likewise observed a loss of sulfanilamide during t 
removal of blood proteins. 


METHODS 

The data on the new recovery experiments performed dining 
summer and reported in Table I were secured by adding to 18 c.c. per 
of pooled, oxalated, human blood, 2 c.c. quantities of stock /I”’ 
(Winthrop Chemical Co., Inc.) .solutions of such strengths as to .vie 
of bloods containing 2.5 to 20 mg. sulfanilamide per 100 c.c. le 
amide-containing bloods were mixed, and four different filtiatcs, 
tung.stie acid filtrate,® p-toluenesulfonic acid, trichloracetic acid, an < 
filtrates of Marshall,^'" were prepared b.v careful deproteiuization o 
3 c.c. portions of blood. . ijiilfonii' 

The tungstic acid filtrates were analyzed by the acidit.'’ 


acid method, as previousl.v described by the author.^ Since mere 


depre.s.ses color production, both .standards and filtrate must 


be at the 


pH. The addition of one drop of 0.1 normal h.vdrochloric acid 
them to a pH of about 3.2, vvdiich seems to constitute a destroys 

medium. Alore than one drop of acid is undesirable. Lir. ' reading' 
qninone reagent, espeeiall.v in the standards. Hence the co oiim^ p^etirula’''.' 
.should be made within ten minutes after removal from the aiwb''''’''' 

vv'hen specimens containing but small quantities of drug arc jicidi!}’, 

Ordinai-y tungstic acid filtrates contain no factor, othei t 
which might influence color production. Dilution of stoc ^ biooil 

tions with equal quantities of either water or contiol prodiid''”’ 

filtrate, after addition of the acid, always resulted in eqna ,.„„iplc of 1*“^ 
with the naphthoquinonesulfonic acid reagent, in e< 

•From the Department ot Biolosical Chemistrj", Uni'crsH} 

Medicine, Baltimore. 

Beccived for publication. September 15, 193S. 
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CONCLUSION \ND bUMafARl 

The data m Table I slioM that {food leco^eij of added sulfanilamide can 
be seemed uitli tuo of the Blarshall piotediircs but that the alcoholic filtrate 
method, in om hands at least, fiequenth pnes slighth highei ^ allies The 
data also show that the naphthoquinonesulfonic acid method on tungstic acid 
filtrates jields values which a'seiage about 10 pei cent too low Since this 
loss tends to be somewhat higher in told weathei (about 15 pei cent), each 
laboratoij should pi obabh detei mine its own coirection factoi Oiu method 
for the determination of sulfanilamide in terebiospinal fluid has eliminated 
filtiate piepaiation — hence no eoiicetion tactoi is iinohed in this piocedure^^ 
In Table II are gnen data on the compaiative an.ihsis of a senes of bloods 
from patients undeigomg sulfanilamide tlieiapv It is eMdent that the \alues 
obtained bj the naphthoquinonesulfonic at id metliod when dnided the 
eoriectioii factor 0 9, check well with the \alues obtained b\ the dinzotization 
procedure on the p toluenesulfonic acid and (luhloiacetic acid filtiates Again 
the alcoholic filtiate jields slightli higher \al u'' 
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NOTES ON THE MICROSCOPIC DIAGNOSIS AND CULTUEAI, 
DIFFERENTIATION OF THE GONOCOCCDS* 

Alfred Cohn, M.D., New York, N. Y. 


T he folloiFing report on the mieroseopic and cultural diagnosis of ll? 

gonococcus does not claim to present any basically new metliods. Its two- 
fold aim is (1) To report a method which simplifies the microscopic examina- 
tion of Gram stained smears containing only a fexv intracellular gram-negati« 


diploeocci. (2) To emphasize the use of a 5 per cent horse blood plate as i 
diagnostic aid in differentiating the gonococcus from the meningocoecns cnliiiw. 

The simple procedure of the microscopic diagnosis of acute untreated 
gonorrhea is well known. However, in cases of subacute and clironic mh- 
tion, with very few intracellular organisms, the diagnosis becomes difficult, 
especially if the Gram method is used with carbolfuelisin as a counterstaim 
Since the color of the microscopic organisms differs only little from timt « 
the cytoplasm and the nuclear substance of the leucocytes, single intracel « ar 
diploeocci may be oveidooked easily, and tlie microscopic report issue! 
negative. In order to overcome these uncertainties Jacobsthal^ 
the use of a second smear stained with methylene green pyroniiie ( 
peiiheim). He states that the Gram method is superior for fintsiie s 
positive cocci, but inferior in revealing intracellular gram-negatnc com 
the event the Unna Pappenheim stain reveals intracelhdar a 


examiner has to check this finding xvith the Gram stained smear, 
to the Unna Pappenheim a third smear stained with methylene 


; In additica 
3 blue 


has also been used in oirr laboratory for the same purpose. 

In an attempt to simplify the procedure, to save time and 
other method has been tried. A 20 per cent solution stninfl 

the use of which was previouslj^ recommended by Lanz m 
with methylene blue and eosin, evidently replaces the seconc fhe 

in subacute and chronic cases. The technical procedure is as 
material to be examined is taken with a loop from the gemta jlu ^ir. 

in a thin and even film on the slide. The smear is alien ec o . 

In lieu of fixing the smear by heat, it is then treated wit i a ggsuiuc-’ ^ 
tion of trichloracetic acid for one-half minute, at xxdnc i glide !• 

xvhitish appearance. The acid is washed off with tap foi" 

dried betxveen laj^ers of absorbent paper. In contrast /violet^ made up 
stain previously described,® 1 per cent aqueous cryst > ^ diluted ib'C 

saturated alcoholic solution, is used. It was found tha . i ^ 
filtered xvhen prepared, it will remain stable for at (iodine h P*''®' 

one minute, the cry.stal violet is xvashed xx’ith Lugol s so u 

»From the Bureau of Laboratories, Department of Health, 

Received for publication, September 17, 1938. 


9S6 



COHN AIICROSCOPIC DIAGNOSIS OP GONOCOCCUS 


987 


Slum iodine 2, distilled ^^atel to nnke 100) until all precipitates lia^e been 
removed Fiesli Lngors solution is applied for one niimite and the smeai is 
decolorized uith 95 pei cent etlnl akoiiol until the coloi ceases to iiin The 
slide IS non iinsed in tap natei and blotted As a coiintei stain the Ziehh 
Neelsen carbolfuchsin, diluted 1 10 is used foi thnt\ seconds Aitei iinsmg 
in nater and dijing, the smeai is read\ toi micioscopic eKamniation 

Comparison of Giam stained smeais uith and without pieMoiis tieatment 
of tiichloiacetic acid shows that the use of the acid makes tlic mucus and the 
cells transparent It is, theiefoie possible to find sinjrh pans of pram nega 
tne COCCI moie easih within the celhiHi oi inuleai substance The use of the 
acid 111 clinical smeais does not «'eeni to cause ^lani posituo initiooiganisnis to 
become gramnegatne It has occasionalh been ohsei\ed howe^el, that 
smears taken from cnltiiies of stieptococei and stapin locoeei and subjected to 
the treatment of tnehloiaeetic acid ha\e tlie te^den^^ to lose their giam 
positivitj Since it is unnecessai\ to use ihe u id in smeais fiom ciiltiues, 
this souice of confusion ma^ bo disiegardcd 

The second object of tins stiuh is the ntntion of the gonococcus 

culture fiom that of the memngotocciis Ilu pi latii and appearance of the 
colonies, the sugai fermentation the agglutindion iiid the alkali soliibilit\ 
teats are used foi this purpose, but unfoitun itc1\ tiiesc ciiteria do not alwajs 
work satisfactorily While the gonococcus icgulnlv ierments tUxtrose ac 
cording to the motliod preMoush desciibed * tlieie ue a tew strains of memn 
goeoeci which do gi^e a de\tiose fermentation but do not aftect the maltose 
The agglutination and the alkali solubiliti tests do not always sliow clear cut 
results Theiefoie, a need foi an additional diftcientnl aid is appaient For 
this purpose a 5 per cent horse blood plate nn\ be emplt)\cd, which the gono 
coccus, as a rule, does not heniohze, while the meningotoccns does after forty- 
eight hours of incubation at ST® C In a series of many hundreds of esamina 
tions in winch gonococci were identified no hemohsis has been found How 
erei, testing 12 meningococcus stiains of dilfeient ages (obtained tliiough the 
courtesr of SEiss L llisliulow of the Health Department) sliow (d hemohsis 
after forty eight houis^ incubation at 37° C Wlien washed cells aie used in 
preparing the 5 pei cent hoise blood agai, hemolisis occurs after twenty four 
hours' ineubatioir Rabbit blood, in om limited expeiienees is not hemolyzed 
by the meningococcus 

Tins hemolyzing qualit\ of the meiniigococeiis was fiist desciibed by 
Goidoih m 1920, and years later by LeMiithah and JonchimoMts '' This ob 
serration has not been made use of peneiall\ Om labor atoi\ makes it a 
rule to identify a strain as a gonococcus iiicUuling culture on the 5 pei cent 
horse blood agar plate A gram negative diplococeus is identified as a gono 
coccus when it gnes no giowth, oi only ven slight giowth, on the fust tians 
fer on plain agar, gnes no hemohsis on blood agar, and ferments only 
dextrose 

suxrarARi 

1 Pielniunau treatment of tlie Giam stain nitli 20 per cent tudilor'icetic 
aeid IS leeommentled in oidei to detect siiifrlc inti acellular pram nepatne 
diplococci 
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2. Five per cent horse blood agar is one of the media used to different 
the gonococcus and the meningococcus culture. 
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A EAPID METHOD FOR DETERMINING IIYPOPBOTEINBMIA VlTH 

ONE DROP OF SERUM* 


Jonas Kamlet, Brooklyn, N. Y. 


• ' 1)V 

B ing has described a rapid method for determining ]i.ypoproteinenii< ^ 
floating a glass bead of specific gravity 1.0245 in serum. If dj® 
to sink, a serum protein concentration of less than 6.0 per cent is 
Hotvever, ive have found it impossible to purchase or prepare glass 
specific gravities reasonably near to 1.0245 and have, theieforc, 


foliotving simple method tvhereby In^poproteinemia can be 


one drop of serum hy a modification of the Hammerschlag method 
mining the specific gi’avitj' of blood. 

A test solution is prepared by trau.sf erring 500 c.c. or (.lilorofoii®- 


-V- - p 

ambei’-colored glass-stoppered bottle and adding 153.3 c.c. o 


The specific gravity of the mixture is noiv adju.sted to 1.0-4 d 
with the IVestphal Balance) by the addition of a few diops ^ 
ponent. This should be carried out at a temperature of 15 to - 

of dc’ 


To perform the test, a small test tube is filled ivith 


the test soliifio” 

the .siirfo®® 


1 drop of fre.shlj’ obtained serum is alloived to drop tube, 

liquid. If it sinks, or remains stationary near the mil c ® °.g,„aiiis 
serum contains 6.0 per cent or more of proteins. ^ If d*® gO P®’’ 
on the .surface of the solution, the serum contains lc.ss lei 
proteins (equivalent to a specific gravity of 1.0245). 

•From the Department of Labor.atories, the Israel Zion Hosp 
Received for publication. September 21. 1S3S. 
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Tliib test was peifoiined on the seia ot 40 patients 24 of whom weie 
clniicall} edematous, and confiiined b\ the deteimination of the total piotein 
concentration and the seiiim albumin ‘rlobulm latio Qualitatne agioement 
was obtained in e^cl.^ case, as ma'v be seen fiom Table I 


Table I 


CASF NO 

sn UM Drop 

TOrVL SLI LM rrOTFIN i 
PER <ENT 

AIBUSIIN riOBUIIN 
PATIO 

1 

Flo\ts 

5 5J3 

1 005 

2 

Floats 

5 034 

0 006 

S 

Sinlfs 

7 03s 

1 786 

4 

Sinkn 

7 854 

1 OCG 

5 

Sinlvs 

7 119 

1 1 GG5 

G 

Sinks 

1 7 Ml 

1 78S 

7 

Sinks 


1 894 

8 

Floats 

1 0 jOO 

1 250 

9 

Floats 

1 5 01 > 

1 J ooo 

10 

Sinks 

1 » 102 

1 1 5CS 

11 

Sinks 

( ns 

1 442 

12 

Floats 

) 99(1 

1 446 

n 

Floats 

) "24 

1 1 102 

14 

Floats 

^44i 

0 812 

15 

' Sinks 

ross 

1246 

IG 

1 Sinks 

Ml. 

1340 

17 

1 Floats 1 

"1 2 

0 912 

IS 

' Flc'its 

' '04 

3 000 

10 

Sinks 

0 1-V 

1 874 

20 

Floats 

1 5 903 

3 04G 

21 

Sinks 

7 904 

1 SOC 

22 

Sinks 

' 7f05 

2 260 

2'? 

1 Sinks 

1 11 21.8 

1 2 044 

24 

Sinks 

( 1S2 

' 3 DSC 

25 

Sinks 

0 240 

17SS 

2G 

Sinks 

t 000 

1 794 

27 

Floats 

5 G72 

1160 

2S 

Floats 

1 5 707 

1090 

29 


1 5 380 

1240 

30 

Sinks 

1 0 030 

1990 

31 


5 012 

0 990 

32 


1 0110 

1578 

33 

Sinks 

1 0 404 

1 1788 

34 


' 0 550 

' 3 803 

35 


7 256 

2 246 

06 


7 800 

2 550 

37 

1 Floats 

1 5 022 

1 0 oil 

38 

Sinks 

1 ocoo 

1 1 73S 

39 

Sinks 

6 244 

1 83" 

40 

Floats 

1 5 826 

1 1 024 


REFLRENCB 

J A R'lpid Method for Dcteninniiig IT^poprotcmcmn "With i Gloss Bead, Acta nied 
Scan(lina\ 94 G19, 101S 




TWO NEW FILTERS, USING THE SEITZ E. K. STERILIZING PADS' 


Aaron Brown, M.D., New York, N. Y. 


T hose who are working in the field of applied immunology are often Lnl- 
eapped when they liave very small quantities, i.e. (2 or 3 c.c.) to sterilize. 
To overcome this difficulty, two new types of bacteriologic filters will be fonrl 
valuable iu serologic laboratories. 

The smallest Seitz filter now used is one with a capacity of 30 c.e. TL 
standard filter pad is 35 mm. in diameter, and when saturated will absorb alwat 
5 c.e. of fluid. With onlj' 2 or 3 c.e. of human serum (for passive transfer) 
to be filtered, rve cannot pass this amount through without diluting tbe smiin. 


VtftSMtK .1. 

SCMIM— 



- ! f ( f TO SUCTION 






Fig. ]. 


FlF- -■ 


The microfilter apparatus illustrated in Fig. 


}t eon- 


1 meets our purpose. 

sists of a modified small Seitz filter, having a capacitj' ot on . 

small E. K. pad, 10 mm. iu diameter, supported on a wire filtrate vial is 

into a special glass jar, held in place by a rubber stopper. 

attached to the stem of the filter inside the jar and is cappe The 

The suction tube is in the Istse »'* 

1 devisr'^- 


rubber stopper after filtration. 

entire apparatus is autoclaved as a unit. Hsbeen 

A large filter (Pig. 2), with a capacity of 250 to 300 e-C., ^iilewith 


This filter takes a regular No. 6 E. K. pad. The tops are m e ' p.i,pn 
a regular No. 6 Seitz screw type filter. This filter vill e 
larger quantities are to be filtered, as with pollen extracts, s oc 
fluid, etc. 

•From the Department of Medicine, New York univero»sui “nrijjwho have 
We are grateful to the National Surgical Supply Co.. 
devising and manufacturing both types of alters illustrateu. 
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A MANUAL OP NBUEOHISTOLOGIC TECHNIQUE 


Oscar A Turner, MD New Huen, Conn 


(Continued from the M.ay issue page 887 ) 

Chapter VIII 
Connective Tissue Stains 

Connectne tissue stains aie useful to tlie iicuiopatliolojist foi the studj 
of the prolifeiation of small vessels the i limits o«c lining in the nails of 
largei ^essels, and paiticulaili loi tlie anihsis ot tlie constituent tissues of 
lutracianial tumors Of the laiious metlnxU a\ nlable the folloniug ha%e 
been selected because of the ease nith nlinh thei aic earned out and the 
generally reliable lesults the} gi\e 

Malloty^s Acid Fnchsin Aniline BlucOiunoi 6 '^ioin — Theie aie manj 
modifications of this method, but the piiiuiple remnns the same lu all The 
folloning IS most commoul} used and gnes good usufts ZeiiKei fixed tissue, 
embedded eithei iii paiaffiii oi telioidin is used Hit lesults ou formalin 
fixed tissue are iiifciioi unless tlie sections ln\e bieii tieoted with moidants 
prior to staiiuiiff 

1 Stain sections iii 0 5 pei cent atiueous acid fuclisin for ^i^e 
niimites oi longei, depending upon the fieslmess of the tissue 

2 Rinse in watei Extended washing will lemo^e the die from 
the tissue 

3 Tieat in 1 per cent aqueous pliosplioinol} bdie icid foi fbutj 
seconds to one minute 

4 Rinse rapidlj iii watei 

5 Stain foi two to twent\ minutes iii the following mixtuie 


"Water soluble aniline blue 0 ^ 

ONalJC acul - ® 

Onnge G 2 5 gm 

■SN-iter 1000 (c 


Heat to boilmg, allow to cool, and filtei 

6 Rinse rapidh in watei Ditfcieiitiate and delijdiate in sc\ 
eral changes of 96 pei cent alcohol 

7 Complete delncliation in absolute alcohol Clcai in seccial 
changes of xilol and iiioinit in balsam Foi celloidm sections, use 
nG per cent aleoliol and deal bi file blotting papei \i lol method 

Collagen, reticidum, connectne tissue .ninloid, inneiis and ceitain otbei 
h'alme substances aie stained blue Nuclei, ectoplasm fibiogli.i nnglia, 
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neuroglia, and fibrin assume a brilliant red color. Erythrocytes and mydh 
sheaths are yellow, while elastic fibers vary between a pale pink and yelk-;. 
The collagen and reticulum take the stain more sharply than do the fihb 
and smooth and striate muscle fibers. Axis cylinders are stained red. To 
bring out the collagen fibrils as sharply^ as possible, tiie staiiiiii" with scij 
fuehsin may be omitted. Then the nuclei and protoplasm stain yellow, and 
the blue reticulum and fibrillae are in sharp relief. 

For formalin-fixed tissue, mordanting may be done with the "Weijen 
mordants, as suggested by Kernohan. 

Hayihom’s Moch'ficaiion of Mallory’s stain has been found to give ?ofd 
results. Paraffin sections of Zenker-fixed tissue, or formalin-fised tissue vrliicl! 
has been treated in the Weigert mozxlants, are used. 

1. Stain sections for a half hour in alum or Boeluner’s lienia- 
toxylin. 

2. Einse in water and mordant for two minutes in the following 
alum-orange G solution. 

Bissolve 2.0 gm. of orange G in; 

Alcohol 

Normal hydrochloric acid 

tVater, sufficient to make 
When thoroughly dissolved, add: 

Saturated iron alum solution, aqueous 

3. Plaee in tap water for five minutes. 

4. Stain for three minutes in 0.5 per cent acpieous acid fuchsia. 

5. Blot off the excess stain. 

6. Stain for twenty minutes in the following modified au 
blue-orange G solution : 

Aniline blue 

Orange G 

Saturated aqueous pliosphomolyhclic 

acid solution, to make 100.0 c.c. 


10 c.c. 
1 c.c. 
175 c.c. 

75 c.c. 


Dissolve with the aid of heat. 

7. Differentiate by the drop bottle method, using 9o poi 
hoi. Complete dehydration in absolute alcohol, deal in x.' 
mount in balsam. . . ji,e 

The method gives results which are similar to those ohta 
original Mallory method. However, the nuclei are (.opstai'd)' 

broum, and the erythrocytes take a deep orange-yellow coloi i ^ 
than in the original formula. In addition, there is an 
to the sections which facilitates detailed examination of the fiss 
Perdrau Silver Impregnaiion . — This method is one of 1 
demonstration of connective tissue and is particularl.v suitec 
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iial Kaiaffiii, eelloidiii, oi fiozei. scttioiii, of ioimalin fixed tissue max be 
used The method, esseutialh as gnti, bx Bailex and Il.llei, is as folloxxs 

1 Blochs of the foiiiialm hxed tissue slioiild be xv ashed txxelxe 
to txxeiitj foiii horns in distilled xiatci piexioiis to sectioning Piozen 
sections should be cut at 15 to 25 micioiis Paiaffiu sections should 
bo biought to distilled xxatei and alloxxcd to icinain theie oxeniight, 
chaiigiiig the xiash xxatei sexeial tunes Paiaffin sections ma.x be cut 
at 6, 8, 01 10 inieions 

2 Tieat in 0 25 pei cent potassium peimaiigainte foi tl\ent^ 
to tliiitj minutes Tlie 0 2 > pei eent solution slionkl be piepaied 
fresli fiom a 2 pei cent stock solution 

3 "Wash 111 distilled -uatei 

4 Place ill Pal’s dccolouzei and illon to leinaiii until uhite 
Pal s deeolorizei is composed ot equal puts ot 1 pei cent aqueous 
oxalic acid and 1 pei cent aqueous potass um sulfite 

5 Wash foi thiee to foiu houis in distilled w atei The sections 
maj be allowed to uasli o\ei night 

6 Place 111 2 pei cent sihei nitia<e o\eniigl»t It is best to 
keep them in the daik 

7 Wash foi tuo to thiee miiuitos in dist Ikd uatei 

8 Treat foi folt^ to sixu minutes ui Bn !s( liouskN \ ammonia 
eal siher solution 

To 5 c c of 20% siUer nilri e 'idl drops of 40% sodium 
h)droxide Dissolve the rcsult'int pre qiitatt by the 'idditioa of strong 
ammonia, drop b) drop avoiding an esee^-s Dilute to 50 cc 
distilled water and filter The solution «houl 1 be prepared fie«h before 
use 

9 Wash quicklj in distilled uatei 

10 Reduce in 20 pei cent foinialin piepaied uiHi tap uatei A1 
lou sections to leiuain in this leageiit foi ten to tuenh minutes 

11 Wash in distilled watei 

12 Tone in a 1 5000 solution of gold chloiide until the sections 
aie an e\eii violet coloi AVash in distilled uatei 

13 Fi\ foi one minute in 5 pei cent sodium thiosulfate The tis 
sue should assume an e^eii gia> coloi, and fiozeii sections should be 
come quite pliable 

14 Wash thoioughI\ m distilled uatei, dclndiate in ascending 
alcohols, and eleai in se^elaI changes of \\lol Jloiint m halsim 

AA’^ith this technique the fiiiei stiaiids of coniiecti-ve tissue, leticulum, and 
elastic fibeis aie stained an intense black The moie compact masses of 
fihious tissue ma^ occasionally appeal leddish black Nuclei, axis cxlinders, 
aeiuofibnls, and nn oliii sbeatlis aie not stained It m.n be iicccssar\ to co\er 
Hie paraffin sections uith gelatin to pre\eiit then coming oil the slides dining 
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the prolonged silver bath. Tissue inaj- be embedded in gelatin before ciiitii: 
on the freezing microtome. 

The Bielsehowsky silver solution should be prepared just before 
since it does not keep. As in other methods where silver salts are ired 
staining agents, the glassware must be chemically clean. All glassware mii't 
be rinsed in distilled rvater befoi-e use and, except where otherwise inilicaifi 
all solutions should be prepared with distilled water. 

Wilder Method for Eetimdim . — This is a more I’apid method which Kaf 
plieable to tissue fixed in formalin or Zenker's fluid. Celloidin, paraffin, « 
frozen sections may be used. The method is best applied to tumor tissue. 

1. Paraffin sections should be cut at 6 to 10 microns. Celloidin 
sections may varj'^ from 4 to 30 microns and may be stained in dishes 
or mounted on slides and attached with thin celloidin before stain- 
ing. Sections are hydrated and brought to distilled water. 

2. Treat with 10 per cent phosphomoJybdic acid for one minute. 

3. Wash in tap water, then in distilled water. 

4. Dip in 1 per cent aqueous solution of uranium nitrate (sodium 
free) for five seconds or le.ss. 

5. Wash in distilled water for ten to twenty seconds. 

6. Treat in Foot's silver diamino-hydroxide for one minute. 

To 5 C.C. of 10.2% silver nitrate, add strong lunmonim 
drop by drop, until the precipitate whicit forms is just dissolved. 

5 c.c. of 3.1% sodium hydroxide and just dissolve the resulting 
tate with a few drops of ammonia. Make up to 50 c.c. with disti 
water. In an amber, well-stoppered bottle this keeps for severa wee 

7. Dip quickly in 95 per cent alcohol. 

8. Seduce in the following solution for one minute; 

40% neutral formalin 0.5 c.c, 

1% uranium nitrate d.5 c.c. 

Distilled wafer 50.0 c.c. 

The formalin should be neutralized with an excess of niagne 
carbonate. 

9. Wash in distilled water. 

10. Tone for one minute in 1 :500 gold chloride. 

11. Rinse in distilled water and fix in 5 per cent soclinni t 
sulfate for one to two minutes. Wash well in tap water. 

12. Dehydrate in ascending alcohols, clear in xylol, ainl i 
in balsam. If a counterstain is desired, hematoxylin and eo 
hematoxjdin with van Gieson stain may he used. The hema 
must be blued in tap water, as ammonia will dissolve the si 'C- 
The sections may be treated with 0.25 per cent potassium 

instead of 10 per cent phosphomolyfadic acid. If this is done, i 
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to liuhc the bcetious and jilace them ioi one luiiiiite jn a nuxtiiie of 1 part of 
Merck's eoiieciitratecl per cent Jijdiobiomie acid aod 3 parts of distiJled 
j water, The sections are tlieii washed and earned on from the uranium iiiti'ate 
/ treatment as usual. 

Heticulum and collagenous fibers ,iie stained black. Tliere is some im- 
pregnation of the cell nuclei, and occasionalh the cells aie outlined. Often 
the pareiiehymatous tissue takes t)ie stain lightly so that, although cellular 
definition is not cleai, there is enougli mijiregiiation to interfere wuth a clean- 
cut picture of the supporting tissues If the siher solution is too old, uneven 
staining of the reticulum results. The method is useful for studying tumors 
' arising in the central nervous system anil elsewhere 

Klarf eld-Achncarro Tannin^Sdver Mdhod — Although paraffin-embedded 
material cannot be used, this still remains one ot tlic best methods for the demon- 
stration of connective tissue in the nervous s\stem It is of particular value in 
the study of general neuropathologie matetud Tlie tissue is fixed in eitlier 
formalin or 96 per cent alcohol, embedded in teHoulni and sectioned at about 
15 microns, 

J. Place sections in 10 per cent toimalin and allow to remain 
tAvelve to tw’enty-four hours. Sections lemain here several days 

2. Wash in water. 

3. Place sections in a saturated (100 pei (cnt) aqueous solution 
of tannin and allow' to remain for two to three hours in the incubator 
at 50® C. in a closed dish. The time nja\ be shoi tened to tw'eiity to 
thirty minutes by very careful heating with a IJame 

4. Wash in distilled water until the sections lose their trans- 
parency, 

6. Place sections in silver nitrate solution until they turn a 
brownisli-yellow' color. They slionid be kept moving during this time. 

Add concentrated ammonia, drop by drop, to 5 c e. of 10% siker 
nitrate until the precipitate which is formed is redi3«olved Add 5 to 
30 additional drops of ammonia and then di'^tilled water to make 20 cc. 

For staining, add 15 drops of this solution to 20 cc of distilled iiater. 
Prepare fresh before use 

6. Transfer sections directly to 10 per cent formalin for five 
minutes. It is best to use two changes, transferring to the second as 
soon as the first solution becomes discolored. It is not necessary 
tliat the sections become very dark 

7. Wash in tap w’ater and then in distilled water. 

8. Differentiate in the following solution : 

0,5% aqueous potassium ferncyamde 10 cc. 

96% alcohol ^ 

Differentiate until tJie cortex is light yellow and transparent. 

9. Wash in distilled w'ater for a half hour. 

10. Dehydrate in alcohols, clear in xylol, and mount in balsam. 
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The connective tissue appears black upon a light yelloiv or yellow kA- 
ground. Nerve cells, axis cylinders, myelin sheaths, and other elements c' 
the nervous system are not stained. The baekgrouiicl should appear clear ail 
light. Occasionally rvith large sections the background appears darker n 
some ijarts than others. This is due to the difficulty in keeping large scitii.”) 
flat in the various solutions. Constant agitation during the silver iiiipre;;- 
nation and reduction ivill help prevent this uneven staining. Tissue ivliicli L 
very old or which was flxed long after death will show considerable gram, 
larity of the stained portions. 


Chapter IX 


Pituitary and Pineal Stains 

ilany methods have been devised with the object of selectively staining tb 
various types of cells in the anterior lobe of the pituitary gland, llain d 
these are quite complicated and require special fixatives. The following 
methods have been found to give fairly reliable pi’epai’ations in which tie 
three types of cells in the anterior lobe can be readily' distinguished. 

Sparks’ Method . — ^Although the best results are obtained on tissue lived in 
Orth’s fluid, formalin-fixed material has been found to give good rciidt'. 
Paraffin sections, cut at 6 to 8 microns, are brought to water and stained 
follows : 

1. Immerse in 0.25 per cent aqueous aniline blue for sixty to 
ninety seconds. The basophile cells should be stained a deep blue, am 
the remainder of the tissue a very light blue. 

2. Wash in tap water for about a half minute. Excessive uasli 
ing will remove the dye from the tissue. 

3. Immerse in May'er’s hematoxydin for ten ininute.s. 

4. Wash in tap water two to three minutes. 

5. Treat in van Gieson's mixture for sixty' to ninety .second 


Saturated aqueous solution of picric acid 100 c.c. 

1 % aqueous acid fuclisin 

6. Wash in tap water for one minute. Prolonged washi ^ 
remove the stain. 


7. Transfer to 96 per cent alcohol for one minute. 

8. Complete dehy'dration in absolute alcohol foi two 
minutes. Clear in xydol and mount in balsam. 

The nuclear chromatin is stained a purplish blue oi ^ frc!!' 

basophilic granules are stained a deep blue and can be i o q'j,p,\tr>- 
the granules of the acidophilic cells w'liieh are olive gieen src 

plasm of the chromophobe cells is a light gray'ish blue. 
bright y'ellow and are not easily' confused with othei e eine jp- 

collagenous fibers are bright red, while the loose Tlic colb’’* 

pear either red or blue. The capillaries take a sharp ) ^ 
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in the anterior lobe of the ''land takes a c*oIor wliieli varies from light yelloir 
to lilac, while that in the posterior lobe is a light bine Preparations retain 
their color for years without fading 

Practice is necessaiy to obtain the optimum results Excessive washing 
easily removes the dye from the tissue Jrinot variations m the staining time 
will be found necessary, depending upon the staining properties of the solu- 
tions. Overstainiug in van Giesou’s mixtuio will result m a greenish-blue 
discoloration of the basophile. The icsnits aie good on human material but 
are of less value on animal tissue wheic the difTerentiatiou obtained is less 
distinct. Poor re.sults were obtained on guinea pig and rat pituitaries Some 
difficulty may be experienced at first in inteipietmg the final product, par- 
ticularly by one who lias been aeeiistonied to <*\amuiing pieparations in wdiich 
the basophilic cells arc stained blue and fin* at idoplulic cells red 

Bniley’i, fjthyl Vialcl-Onttige G /s'/t/ia— Tins nuthod is tlie same as that 
employed for the staining of fibnUary ncu«<*glui Howevei. the tissue must be 
fixed in Regaud’s solution and kept in tin* daik the fixatl^e being changed 
daily. The procedure is then cairied out exatth as icteired to above With 
this method the acidophilic granules aie stani'Mi a tlt-cp purple and the baso- 
philic granules remain unstained The b<nh.‘f«unil is orange. The nuclear 
fttain varies in intensity. 

This same method is also used for the tlcm >n^tiation of blepharoplasts 
in tumor tissue. These appear as purplish bhn 't pin pie intrac} toplasmic 
granules or small jods on on orange backitioimd F’ornmlin-fixcd material, 
if mordanted for some days in 3 per cent potassmin bicJiromate, may give 
good results but is unreliable. 

Mallonf^ Aenl Fuchsm-AmUne Ilhic Although tins method is 

essentially a eonnectivo tissue stain, it has been found to be an excellent selective 
stain for the pituitary, particularly for roiitiiu* laboratory work. Although it 
may be used without modification as described in tlie cliaptor on eonnectiie 
tissue .stains, Crooke and Russell have found the following modification ad- 
vantageous for the studj' of tlie colls in tlie anterior lobe of the pituitarv': 

1. Paraffin .sections aie brought to water and mordanted for 
twelve to eighteen hours in the following mixture 

2.6% potassium hiiliroinate 25 parts 

Glacial acetic acnl 5 parts 

2. Wash in running water for two minutes. 

3. Transfer to LiigoPs iodine solution for three minutes or more. 

4. Decolorize in 95 per cent alcohol for one hour or more. 

5. Stain fop fifteen minutes in a 1 per cent aqueous solution of 
fleid fiichsin. 

G. Wash in running tap water for thirty seconds to five minutes 

7. Rinse in distilled water. 

8. Counter.staiii in XalloryS aniline blue mixture for twenty 
minutes. 
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9. Wash in running tap water for two to five minutes, 

10. Differentiate in 95 per cent alcohol, controlling decoloriza- 
tion under the microscope. This maj^ require from twenty secoiih 
to five minutes. 

11. Complete dehydration in absolute alcohol, clear in xylol, and 
mount in balsam. 

This method can be used on formalin-fixed tissue. Preliminary luiekat 
staining with hematoxylin before treatment in acid fuehsin is advi'ab!;. 
Ehrlich's hematoxylin has been found to give good results, treating <!ie see- 
tions for forty-five minutes followed by differentiation in acid alcoliol M 
washing in tap water until blue. 

The basophilic granules are stained a deep blue in contrast to tie 
acidophilic granules ■which take a brilliant red stain. The chromopltobc cell' 
are a light bluish gray. The nuclei are purplish brown and the nucleoli a 
bright reddish orange. The supporting tissues stain as described in tiie onci- 
nal Mallorj’' method. 

Safranine-Acid Violet Stain . — ^Bailey has described the following ineth'‘l 
for the two types of granules in the anterior lobe of the pituitary. Tlie fi'iue 
is fixed in Regaud’s fluid, embedded in paraffin, and sectioned at 4 niicron 
or less. 

1. Treat in 0.25 per cent potassium permanganate solution for 
one minute. 

2. Wash in distilled water. 

3. Decolorize in 5 per cent oxalic acid for one minute or unt 
colorless. 

4. Wash well in distilled -water. ^ 

5. Cover slides with Babes’ aniline-safranine mixtuie and 
to steaming. 


100 C.C. 
in excess 


2% anilme water 
Safranine, water soluble 

Saturated by heating in a flask. Allow solution to 
by placing flask in hot water at 60° to 80° C. Filter. 


hot 


6. Wash in distilled water. 

7. Add to the slide the following solution and 


allow to remnio 


for ten minutes. 


Saturated aqueous solution of acid violet 
Distilled water 


30 c.c. 
70 C.C. 


place 


8. Wash quickly in distilled water. 

9. Blot carefully and ivash quickly^ in anhydrous acet 

in toluol for a few seconds. . . jj , nix- 

10. Flood .slide with pure oil of cloves and alcohol- 

tnre of 3 parts of oil of cloves and 1 part of 96 

Control decolorizatiou under the microscope. 
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11 Flood slide ^\itli oil of tlo\es Pass tin out'll tA\o changes of 
toluol and mount in balsam 

The eosinophilic granules aie stained a deep i eddish \iolct and the baso- 
philic granules a deep blue The initoehondua do not stain 

Soitega’s Stain foi Pineal PflitHr/if/wm— Ihe celhilai elements of the 
pineal bodj Iiaae been diMded into the iieiuoghal and paienchjmatoiis types 
The follonnig method nas devised b\ Hoitega foi tlic demonstiatioii of the 
latter group and is used foi the stiid> of noimal as noil “is patliologie tissue 
The material is fixed in 10 pei cent foi malm foi at least t^^o clajs, and 
fiozeu sections aie cut as thin as possible 

1 Place the sections in the follow mg mixture and allow them to 
remain until they become daxk jellow 

2% siher nitrate 10 c r 

Pure pyridine 3 drops 

Tliej maj remain in this solution foi twejita hnu hours at loom tern 
perature or for a shoitei time in the imubdoi Heating the solution 
to 50“ C for fi\e to ten minutes hastens the stnmmg 

2 ‘Wash in distilled watei containii ^ Z diops of puie njudinc 

3 Impregnate ni the following inixtui he itmcr until the sec 
tions become dark oclire 

Solution of silver carbonate JO cr 

Pure pjridinc 3 drops 

The silver carbonate la prepaieU as dca ribed in Penfiold’s com 
bined method for microglia and ohgo Icn hogli » except that the solution 
18 diluted to 50 c e rather than 75 cc It is lest prepared fresh before 
use 

4 'Wash in distilled water 

5 Eeduce in 10 per cent formalin 

6 Tone in 1 500 gold chloride w aiming slightly to intensify 
the color. 

7 Fix in 5 per cent sodium liyposnlfitc solution 

8 Wash in distilled watci Mount sections on a glass slide fiom 
50 pel cent alcohol, blot fumh, complete dehydration m absolute nl(o 
bol, and clear in xy lol Jlount in balsam 

The results are consistently good if the sections aic cut thin Tht luuiog 
bil cells and fibers aie not stained TJie paiencln matoiis cells nic toloud a 
dirk brown to biownish black, depending upon tlie depth of toning 'ih(\ 
are charaetenstic large cells with mam long pimcsscs wliuh ind m hnlhlike 
^'Jehmgs The latter are embedded m the intcrlobulai and luinasi ntm i mi 
^<^ctue tissue These swellings are cleeph stained, often moii so limn tlu i\ll 
bodies In thick sections the mielci aie iclatncii mdistmil, hut m thm pup 
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arations tliey take the stain less deeph^ and can be seen to oeeupr <i !ar« 
portion of tlie cell body. The corpora arenacea (psammoma bodies) are blsos 
or a very dark broivn. 

Chapter X 
Spirochete Stains 

There often arises the necessity of demonstrating the presence of spire- 
ehetes, nsiia]l 3 ^ Treponema pallidum, in sections of nervous tissue. \Yliikllieie 
are manj^ methods for staining tliese organisms, ouh* a few are applicable te 
routine work in the general patholog 3 ’^ laboratoiy. All require a precise tab 
niqne and painstaking care for good results, regardless of the inetlwd as- 
pioj-ed. Absolute chemical cleanliness is imperative. All gla.ssware niiaf k 
rinsed previous to use. both in distilled and double distilled water. 01a'» 
hooks are used to handle and transfer the sections, and care is taken tkt 
wherever possible the instrument is rimsed in double di.stilled water before 
placing in a solution. 'Whenever filter paper is used, it should be of tlie finch 
woven t,vpe, free from paper lint. When drj’- glassware is required, air is tisai 
as a drying agent rather than cloths. Solutions and reagents should be meas- 
ured exaetl.r. 

Spirochetes lua.v be stained either in single sections or in tissue bkek 

The latter method gives more pirecise results and i.s indicated where researc 

work is being carried out. The methods of staining single sections, ” 

more rapid than the block methods, are all prone to more or less aitifac 

mation, but nevertheless give satisfactory results. 

* be 

Tk 


Victerle Method . — This method gives clear preparations and can 
on anj^ formalin-fixed tissue and with frozen, celloidin, or paraffin sections. 


best I’esults are obtained on frozen sections cut at 10 to 15 microns, u 1 


]{ paraffin 

or celloidin sections are used, the embedding material must he remoiei 
staining. 

1, Transfer sections to pui’e pju’idine for fifteen minutes. 

2, Wash in double distilled water. 

3, Place sections in a 1 per cent solution of sodium-free 


nitrate made with 70 per cent alcohol. Allow to remain 
hour in the incubator at 55° C. 

4. Wash briefij’- in double distilled water 

5. Ti’ansfer through 96 per cent alcohol. 


for a haff 


6. Place sections individually in a 10 per cent solutio ^ 
mastic iu absolute alcohol. Allow to remain xvf . ^ 


long enough for tbor- 

ougli infiltration with the alcohol to take place, about m . 

7. Transfer through 96 per cent alcohol to double aqt'ec«' 

8. Leave sections for one to six hoiir.s in 1 the 

solution of silver nitrate in the incubator at 55 f- 

light. 

9. Wash hriefiv iu double distilled water. 
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10 Reduce for ten to fifteen luimites in the following solution 


Iljdro'iujnone 

1 50 gill 

Sodium <!ulfite 

0 J5 gni 

Ncutnl f ormikleli} de, APrtk 40% 

10 00 c t 

Acetone 

10 00 ce 

Pyridine 

10 00 cc 

Distilled water, to make 

100 00 L c 


Mix, di'>«olve, 111(1 then uld 10 ce of a 10% ib«olule alcoholic 
solution of gum inistie, miking the reducing solution ‘ milky ” Tins 
^should be prepired fre"?!! just bi.foie ust 


11 'Wash biieflj in distilled u at ei 

12 Dissohe out the gum inabtic and deludiate the sections bj 
tiaiisferiiiig thiough 96 pet cent alcohol ami at-otoue Cleat in ■xjlol 
and mount in Canada balsam 


The spirochetes aie stained a deep biow ti to blat k against a golden bioun 
baekgiQuud The backgiound should be (Itai and the nenous and intei- 
stitial elements of tlie tissue not stained 

The gum mastic solution is pxepaiod b\ dissohing 10 gm of gum mastic 
m 100 e c of absolute alcohol This take-> about ihue dajs It is filteied 
thiough a tuple filter befoie use The celloidni i*' hist icmoxecl Axith acetone 
Mlien eelloidm sections aie used Tbe\ aie then plated in the puie pjndiue 
and earned thiough as outlined pieMonslj \bout n to 10 sections aie used so 
that trial leductions can be stalled aftei about one lioui in the sihei bath 
The sections aie washed thoiouglih aftei tath leagent but aftei the sihei 
bath a biief wash is bufficieiit to pie\ent oxeibtaining 


Nieto's Method— This method also uses foi inahii fixed tissue Fiozen, 
paraffin, oi eelloidiu sections maj be used Tlie embedding agent must be re- 
moxed fiom the embedded tissue betoie staining Sections should be cut at 15 
to 20 microns 

1 Place sections foi ten mnuites in pine pxiidnie 

2 ‘Wash 111 tliiee changes of double distilled natei 

3 Place in a 1 pei cent aqueous solution of uiannmi nitiate for 
fifteen minutes in the lucubatoi at 37® C 

4 Rinse in two changes of distilled watei 

5 Tiansfei to a 02 per cent aqueous solution of sihei intiate 
Heat carefulh oxei a flame until bubbles just begin to foim in the 
solution Allow to lemain about two imiuites Do not boil 

6 Tiansfei sections to a small dish contaniing 10 e e of 1 pei 
cent aqueous siher nitiate solution Foiu to fne sections can be 
placed in hete at the same tune Add 2 ee of a o per cent aqueous 
solution of taitaiic acid, and finalh, after mixing y 11, add 10 c c of 
a 1 pei cent aqueous solution of pMogaUic acid oxei le is i am 
allon sections to lemain until thex aie jellowish blown Agitate the 
sections in the i educing solution to obtain an exen reduction 
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7. Wasli well in double distilled Avaler. 

8. Delij'drate in ascending alcohols, clear in- xylol or carbuxylol, 
and mount in balsam. 

The spirochetes are stained a deep brown or brownish blaek upon a 
golden-yellow background in which none of the elements of the nervous 
appear. Care should be taken that the sections are not overheated in ti:e 
silver bath. Keductiou begins immediately with the addition of the pyro- 
gallic acid and should be carefully Avatched. The tartaric acid and tlie pyro- 
gallic acid solutions maj^ he mixed in proper proportions and added together. 
The time required in the developer v'aries with the indiA’idual tissues and 
often with the same tissue from time to time. Five minutes is usually siiiii- 
eient for tissue from paretic brains. Reduction takes place rapidly in ti«utr 
from congenital sj’philis, while sections from sj'philitic aortitis are rcdiicril 
relatively slorvly. Sections of brain tissue are removed when the gray matter 
has taken a v'ellowish-brown color. The white matter usually appears darker 
than the gray. 

Occasionally' there is a slight deposit of silver on the surface of the sec- 
tions. This often cannot be avoided, but does not detract from the usefulness 
of the method. The method is relatively' rapid and can he completed in less 
than one hour. It can be applied to all ty'pes of tissues. 

JahiieVs Gold-Silver Method.— This is Jahnel’s latest method for single 
sections and is taken from AVertham. The method gives particiilailj c ^ 
preparations. Frozen sections are cut at 20 microns from material uhici ia» 
been well fixed in formalin. 

1. Leav'e OA'ernight in 96 per cent alcohol. 

2. Wash briefly in distilled water. 

3. Transfer to a 1 per cent aqueous solution of uraniuin nitra 
and allow' to remain for fifteen minutes in the incubator at 37 

4. Wash in two changes of distilled water. 

5. Transfer sections to 1 per cent silver nitrate wlieie the. 
main for twmh'e to trventy' hours in the incubator. 

6. AA^ash well in tw'o changes of distilled ivater. 

7. Transfer to the follovA'ing mixture: 


Distilled water 

1% aqueous gold chloride (Merck) 
1 % urauyl chloride (Sehering) 


10 c.c. 

4 drops 
4 drops 


Prepare fresh before use. 

+ o'-® 0 until the 

Leax'C sections in this mixture in the incubator at t • 
.spirochetes are stained. This is usually' one-half to one lo 
treatment in this is apt to cause the formation ° ,„„ 5 t 

About fifteen to twenty minutes may be sufficient, u 
be determined for the tissue being stained. 


8. Wash thoroughly' in distilled water. 
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9. Treat for five inmutes in 5 poi cent aqueous sodium tliio- 
suifatc. 

10. AVash thoi ouglily in distilled \\ater 

11. Dehydrate in ascending alcohols, cleai m .\yloI, and mount 
in halsam. 

The background should be cleai and the spirochetes stained distinctly. 
There is some impregnation of the elements of the tissue It is important that 
the sections be protected from the light as imich as possible up to the time they 
are fived in the thiosulfate solution Ihidue evposuie to liglit befoie fivation 
causes a dark red or reddish-purplc color 

(To he conltnxicd j 
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BBONCHrOGENIC 0ABCINOMA, Incidence of Primary, Matz, P. B. J A Jr A lU 

2086, 3938. 


The incidence of pnm&ry hionchiogeme carcinoma in the letersn':' populafioc b 
been inei easing during the past fen jeais This increase is both absolute wk! rchtiu 
The absolute increase of this tj-pe of tumor is unrelated to the increase o( cirw "a 
111 general The factors uhich may be responsible for the absolute increase of cancer of tK 
lung are the large peicwitage of preceding diseases of the respiratoii tract and tlicfutt j' 
a comparatnelj large numbei of the persons in this gioup nere in occupation' iviiiclirct 
accompanied bj exposure to iiritations of the respirator} tiaet and tiauniatwations of larc 
hinds 

One of the factors causing a lelahie increased incidence of hronchiogcnic circisoj 
is the added interest in cancer on the part of the ph}S!Cians of the A^'eterans Adnmii'lniiio 
resulting m an increase of the number of cancers of the lung diagno'cd ante motteis i 
man} of the cases m iiiiieh caicmotua «as suspected ’ut iias not defimtclj dia^o'i 
mortem, post moi tern examination iias made, hence the increased ineidcnce of f n 'T ** 

tumor in autops} statistics , , 

Another factor iihicli niaj be held responsible for the relatne increase in ic^J ' 
of cancer of the lung is the entrance of the leteians' group mto the „ j, 

A comparatn e stud} of the data on the incidence of cancers of the 
age in the civilian population and la the veteians’ gioup shons tint the 
ciMlian patients are older than the \eteians One maj, therefore, expect in a 
gron older an increasing numbei of piimarj broncliiogenie carcinomas m 
them. 


t A nnfl A Dafliset®, 

TEANSFUSIONS; a Method for Recognition of Blood Subgroups A 
I. J. A. ai A. 112; 713, 1039. 

Clinical experience, as it is expressed in the literature, suggests jtaii-Eu tr' 

of a donor according to hnonn methods does not assure the absence .xr' 

reactions; (2) that unexpected reactions are not uncommon 111160 ^ q \ ..c 

blood gioup as that of the patients is emplojcd, especiallj "lien empb'^’ 

(3) that reactions are particular!} frequent ivhen so called unnersa and AB arc r'* 
Available serologic data suggest (1) that subgioups A, and for br"' 

alna}s compatible; (2) that subgroups A„ and A„B are not infrequen . feiclions 
of other groups, particular!} for O and B; and (3) that some trniis ^ 

fatal ones, are -n ell explained b} these cncumstances ^ * tcred; ca'ib , 

The method piesented offers tivo advantages. 1 fhe igi * \)\ood groap ^ 
and high!} specilie rabbit immune serum permits prompt reeognitmn ^ tWuur” 1 

AB, including the feebly agglutinating subgroups A, and A . " vubgroeP ^ 

the serum, as determined b} titration, makes it possible to 1 out MidoR*’'' 

A, and A,B from A,B without delay Both procedures can e 
minutes 

TOTDTO-ANT FBVEE: Histology of the Cutaneous Eeaction to Brucella 

Gersb, 1, and Slack, W. C. Arch Path. 27: 30/, 1939 ' 

The tissue reaction to the iiifradeimal injection of i’r Wf 1 jpicUcr 1 

12 persons gi' mg a positn e reaction has been studied histo ogi 

lOOi 




ABSTRACTS 


1005 


fl'tmm'itorj 'When U is mild, it is char'icten7cd h\ infiltntion of the derma b\ Ijmpho 
c\ tes and nionoc\tes, Tihen it is se\oro, it is accompanied b) tonnectiie tissue necrosis 
and inriltration bj polymorphonuclear leucocates 

TUBEKCLE BACILLI, Demonstration of by Culture and by Guinea Pig Inoculation, 
Guggenheim, A , and rinkelstein, M Am Rev Tuiierc 39 397, 1039 

Guinea pig inoculation was superior to culture as a means ot demonstrating tubercle 
bacilli m all sorts of material 

With improvement in culture techiiKjut, the gij between these two methods of ex 
amination has decreased 

A feu specimens negative bv means ot gmiiev pig moculttion were positive by 
culture 

An increase m the number of direct '.me irs peitormed before lesort to culture or 
guinea pig inoculation resvilteil in an increase m tin. ptnentage of t-pecinicns remain 
mg negative after these more sensitive methods w«-r< used This was true particularly 
of sputum, which was examined h\ diiect smt ir mm h i n ticquentlv than other material 
It would seem that n good manv cultures and giiiici 1 im<ulitions might be made un 
necessary if this practice were extended to uru |u tjfn rli lining sinuses and other 
materials easily available for repeated cxaminati i 

The best procedure for demonstrating (ubn U i utlli in susjiocted material would 
seem to bo (a) repeated direct smears, as fie«|icinlv i iicumstmces permit, (b) one 
or more cultures, if smears are pcrsistcntlv ne„ii e < guinei pig inoculation of all 
material negative bv culture 

Ivo case should be considered negative until ill n ii s ot xanunation hav e rtpeatedlv 
failed to demonstrate tubercle bacilli ni the sn,j ( rc 1 iiiitenal The exact number ot 
examinations necessary depends on the mdiv idual i-e 

trichinosis, Blood Chemistry m Human, Pierce H B Hartman, E , Simcox, W J , 
Aitken, T, Meservey, A B, and Famham W B \m T Hvg 29 73, 3939 

Under the conditions of this stvidv, namely during tin second and third months after 
trichinosis infection m human beings, the following coi elusions may be drawn 

Blood calcium, chloride, sugar, and nonprotcin nitrogen were near the low normal 
lev els early in the study 

The above constituents increased in amount duiiiig the period of convalescence 
Inorganic phosphate was slighth elevated throughout the studv 

The calcium phosphoius ratios were depressed slightly in earh periods due to a low 
calcium and moderately elevated morguiic phosphorus 

Values for cholesterol fell within the accepted range for normal human beings 
The addition of codlivei oil and caJcitini gluconate to the diet ot human trichinosis 
patients had no niarlced effect upon anv of the constituents determined 

leprosy, Complement Fixation m, and Other Diseases by the Witebsky, Klingenstein 
and Kuhn Antigen, Lowe, J, and Greval, S D S Indi in 7 M Rp'Parch 26 S3 7, 1939, 
26 S43, 1939 

The antigen vs essentially a solution of human tubercle bacilli in benzol after ex 
traction with alcohol, py ridme, and acetone 

A technique of complement fixation for leprosv has lieen devised, w-ing iht bpiuolvtic 
•'vstem of the method No IV of the report of the (British) Medic li Research Committee 
(now Council) on the 3Vnssermann test, nnd "W K K antigen 

The Sensitiveness of the reaction in lepromatous tvpi of the disoa'C is of a verv high 
order Like a strongly positive iVasserraann reaction of second irv svphili«, a positive 
rcxction is not hbely to be missed The sensitiveness in neural leprosy is low 
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The specificity of the reaction is not of a very high order. Ivala axar gives a 
reaction. Doubtful reactions have sometimes been obtained in malaria, syphilis, dec:! 
leishmaniasis, and tuberculosis. A UVassermann positive ease has also given a -f rcaci-.. 
The utility of the reaction is considerable in the diagnosis of the Icpromalom tpj- 
of the disease, but little in the diagnosis of the neural type. It may help in evataii,-; 
arrest of the disease in previously positive cases. 

The procedure involved in putting up the test is brief, and the rengentf uvl v/ 
standardized. A quantitative reading can be easily obtained. 

The results of the test in 250 cases of leprosy, 46 cases of .syphilis, 20 wr- d 
leishmaniasis, 3 cases of tuberculosis of the lungs, and 43 cases of other difc.ise!:| arc given 
Of 117 cases of leprosy' of the lepromatous type, 9S.3 per cent .shoired inhibiws c! 
hemolysis, 83.77 per cent showing complete inhibition. 

Of 133 cases of neural leprosy, only 41 (31 per cent) showed some inhiiiitioa of 
hemolysis, only 12 of these showing complete inhibition. These 133 neural ca?cs inciiidri 
11 bacteriologically positive cases of whom all showed some fixation of coniplerac:t, 
complete in 7 cases. 

The results of the test in cases of leprosy are found to correspond very do.'dy ri ib 
results of examination of the skin for JUT. leprae. Of cases in which bacilli were iomi, 
nearly all showed some inhibition of hemolysis in the test. 

The test is considered to be of little value in diagnosis or prognosis, for mMikioa 
of hemolysis is found only in cases in which diagnosis is easy, and the test fails to 
ferentiate between the neural cases showing bacilli in smears which often have a fw 
prognosis and the lepromatous eases which have a bad prognosis. 

Of 46 cases of syphilis with a positive 'Wassermann test, 20 per cent .riamcii 
hibition of hemolj’sis, usually incomplete. Of 3 cases of tuberculo.sis of the 
showed partial inhibition of hemolysis. Of 20 cases of leishmaniasis, IS showed comp 
inhibition of hemolysis. All 43 cases of other diseases gave negative results. ^ ^ 

The test is, therefore, not specific for leprosy, since in other diseases, 
maniasis, positive results can be obtained, and since in leprosy' of the mihi 
negative results are usually' obtained. 


GOLD SOL, Making, for Cerebrospinal Fluid Tests, Levine, B. S. 
41, 1939. 

The following formula is recommended for the preparation 


Yen. Dis. inform- 
of 500 C.C. of goM fi''- 


Distilled water 

Gold chloride (1 per cent solution) 

Sodium citrate (1 per cent solution) 
Hy'drogen peroxide (fresh 3 per cent .solution) 
diluted in 10 c.c. of distilled water ' 


460 C.C. 
5 c.c. 
25 c.c. 
5 M. 


Heat the distilled water to br3.sk boiling. Remove from the ^ nf 'hr * 

of the 1 per cent gold chloride .solution. Shake for a few seconds. ^ eliiihing. "'h* 
per cent sodium citrate .solution. Shake for ten or fifteen second.s. 1 Con'k-* 

10 c.c. of distilled water which contains the 5 minims of hy drogon pe Tl:‘ 

shaking for a few seconds. Let it rest on the table until the reaction i- 
usually takes from one-half to one minute. pcconlirdr 

Sfultiples or proportional fractions of the above volumes can there 

as more or less of the sol is needed. It was found that with this mt 
need to keep a large amount of the sol in stock. A.« little as Exp^rke-r'’ i 

the same ease and with as high a degree of reliability' as larger ' ^ larger vok'' 

shown, however, that the reaction proceeds in a more regular manner 
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SILICOSIS, Basophilic Erythrocytes in, Neal T A Am Ec\ Tubtro 38 CiO, 1939 

From series of OMniin itions of the blood of uoricr*- m nonle'id clustv tnde'>, 

and of hospital patients sufTonng from tubenulosis or silieosis witli tuberculo''is, no 
evidence was found to indicate tliat conimun industrial dusts other than lead or its com 
pounds, provoke m increase in the usual numl er ot letl cells containing basophilic 
granules 


PEEGNANCY, Relation Between Blood Plasma Proteins and Toxemias of. Dodge, E T , 
and Frost, T, T. JAMA 111 180S, 1918 

In pregnant women the blood plasma dlbumin is dtert ised below the level found iii 
iionpregnant women loxemias of pregimiic> uiuoniplic ite 1 bv organic disea^ic are a'jsoci 
atod with a significant decrease of plasma all uniiii ami a questionable increa'^t of the 
globulin The increase of the globulin needs turthci investigation 

Pregnanc} without signs ot toxemii and a dn l dtlicitit in piotein cause a decrease 
in plasma albumin 

An increased intake ot protein in eises ot miM tovemn c iiises an allcviition of 
objective and subjective symptoms and signs an 1 i well i ileiated bv the patient 


STREPTOCOCCUS, Hemolytic, Cultural Characteiistics of Potentially Vmilent Strains 
Ward, H K, and Rudd, G V Australian T t\p« i Biul & M &c 16 180, 1938 

If hcmoljtic streptococci from human « 0 UHts irc „ wn in two media (a) serum 
broth and (b) serum peptone with just sufhcient ig i tc suspiiil the developing colonies, 
tne potontiallj pathogenic group A (Lanctlield) sti i w>t)i vciv few exr ptions, can bo 
differentiated bv their growth characteristics trim hcni htiv streptococci belonging to 
the other serologic groups 

Capsulated group A strains grow diffusely n the stium broth and the colonies in 
the serum peptone agar have a fcatherj semitransp uent appearance 

Noncapsulated group A strains grow flocculcntlj in serum broth, with a marked 
opalescence in the supernatant fluid The colonies in the «orum peptone agar are com 
pact and opaque 

Hemoljtic streptococci from human courecs, not belonging to group A, grow floe 
culentlj in serum broth without opalcscencc in the supernatant fluid, and the colonies in 
serum peptone agar are compact and opaque 

Occasionally a group A strain grows m an atypical manner in the two special media 
and may be mistaken for a hemolytic streptococcus not belonging to group V Sucli atvpical 
strains are unstable and throw otE characteristic capsulated variants on cultivation 

The opalescence m serum broth produced bj nil the noncapsulated nnd a few of 
the capsulated group A strains appears to be due to a ferment which denatures tie serum 
protein 

It IS suggested that the feather, colon, in scrum peptone agar which is cliarnctcristic 
of the capsulated group A strains is due to the strong negativ e charge on t e ur ace o 
the deieloping organism, resulting in the mutual repulsion of the chains of ,ouiig cocci 
as the, grow out into the medium That this phenomenon is not necossaril, associateil 
with capsulation is indicated b, the fact that nonmotile sirulent tiphoid bacilli also dc 
velop feathery colonies 


TRICHOPHYTIN TEST, Value of, Lewis, G M, MacKee, G M, and Hopper, M E 
Arch D 5. S 38 713, 1938 

From a consideration of the snned responses to trichoplis tin, to oidionncin, nnd 
to a bacterial vaccine, together with obscmation of a high percentage of positne reactions 
m patients with certain fungous eruptions nnd of a high percentage of 
Mtions in patients without emdence of fungi on culture, the authors bel.eie that the 
reaction to the tnchophytin test is specific 
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The specificity is considered to bo chiefly' determined by genus ratiier lUr. h 
species. 

Fungi of different species vary greatly in their ability to seu?iti?c. In ps?e h 
stances patients rvith severe mycosis rnaj' show a negative reaction to tridwjilntin. 

The reaction to trichophytin is always positive when tlie .subject has a derraatofln;! 

There is no difference in the response to trichophytin in patients with dernistofte!.’ 
and in patients without “id” but with an inflammatory eruption due to the sapc /’ 
ganisni. 

The repeated intracutaneous injection of trichophytin into a tc.st site nill t 
cause a false positive reaction. 

Some patients are sensitive to very dilute solutions of trichophytin, and ot!icf> hil 
to react to solutions of concentrated tricliophj'tin. Most patients show a gr.'ida.il iscJK r 
in the response according to the strength of solution. 

The patch test with trichophytin is not as delicate or as reliable as the intrmtirfc:' 

test. 

Little difference was noted in the size of the response when different part' ol tb 
body were tested. There was usuallj' a slight increase in the size of the reaction nhet ! 
site near a fungous focus was used. 

The immediate wdieal reaction occasionally occurs and may be associated with cita- 
luting antibodies, demonstrated by passive transfer tests. 

The test should be an integral part of the e.vamination of a patient for su'pectri 
fungous disease. A positive reaction is not in itself diagnostic; when it agrees wUh e)b« 
findings, confirmation is obtained; the prognosis is hopeful, and treatment shonWkeot 
servative. If the test gives a negative result in the presence of proved fungons 
the immediate prognosis is poor, and treatment should be vigorous and sustninc . J 
test shows a negative reaction when the fungous e.vamination gives a negathe le-u m 
the primary eruption is inflammatory, one is justified in calling the rash nonmjeohe. 
authors think this is especially important when the eruption is eczematous, as ^ 
larly when it involves the hands, because the diagnosis of such eruptions is rcqucs 
matter of dispute in conipensation work. 


BLOOD EEOENEEATION, Observations on, Sebidt, E. Am. J. M- Sc. 196: 03-, hi- 

After a hemorrhage, even if production of red blood cells is 
expect a rise in percentage of reticulocytes as the same (normal) num er c 
will give a higher percentage when the erythrocyte level is lowered. 

In the literature, the a.ssumption of a high reticulocyte percentage (up to P 
after hemorrhage has been a dominating concept. ^ ,, 5 -, 

In 17 patients given iron and in 10 patient.s not so treated, but all S 
standard diet, the retieuloeytosis very rarely exceeded 10 per cent. g^nihdoe 

As a contrast to these finding.s, 6 patients with a low color 
values up to 28 per cent. These patients are supposed to ha^e a 
anemia before the hemorrhage. paiienls i'‘- 

The retieuloeytosis in patient.s given iron did not great!) cxcce 
so treated. _ . eff'*''- 

A correlation was found between the height of retiouloc) tosis an 

cytic level. _ t ■ -e anv indication- *' 

In individual cases, the size of the retieuloeytosis did no gi' 

regeneration rate. 
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cells showing "coagulation necrosis” and edema, terminating in juidcnr raiilim 
The cells classed as "degenerated” nentrophiles were those listed in StrnniV* 
third group. The result is reported as the percentage of nevUvophiles sliowii.: 
these degenerated changes. 

The ‘ ‘ index of resistance, ’ ’ as suggested h,Y 'Wilson,” was eahiMcd fim Ih 
formula (T-10)-(P~70), in which T is the total white count in tliousamls arl 
P is the percentage of nentrophiles. It apparentlj- is of little significance i!K.» 
the white count is less than 10,000. 

The above studies were done on fresh blood smears made on .slides and im- 
niediatelj^ stained following the technique recommended by Stnimia.” 

The first studies Avere made on cases of acute appendicitis, counts Iw 
done on admission, and on the thix-d and sixth hospital days. The intcvpntalwu 
of each count was compared tlien to the clinical course of the patient and lie 
pathologic report of the appendix. Following these studies, other acute infec- 
tions were studied in a similar mannei-, A total of 330 patients were studied and 
550 examinations Avere made. 

In order to compare these different examinations it Avas neec.ssarA- loi«ke 
the findings to common terms. Mendell” has established tlie mimerieal limits 
for the nonfilamented and "toxie-gi’anular” connt AA’hich seems aweptahk tor 
onr use here. The interpretation of the lesion, as indicated by the pcrccutaac 
of degenerated cells, is our oaaui choosing and may differ from that of otiicr 
observers. 


nonfilamented “TO.'UC granules” 


AQld infection 

•16 


Moderate infection 

17-30 

21-40 

SeA'ere infection 

31-40 

41-70 

Grave infection 

41 up 

70 up 


nEGEXjnvni) 

Ufl 
11-So 
20 40 
41 up 


Fourteen of the patients studied had diagnoses of acute 
Avhom gangi’enons appendices Avere removed. These cases are listed in a * 
with the blood counts, the interpretation, tlic pathologic diagnosis, an a 
clinical notes. 


Table I 

Gangkenous Appenwcitis 


PA- 
TIENT i 


PREOPERATIA'E 


THIRD PAY 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


NF 

G 

G 

M 

G 

M 

G 

S 

11 

G 

G 

G 

S 

G 

G 


‘T.G.” Deg. I R NF "T.G.” Deg. 1-R NF "TA.' Deg. L , 
G 0-9'” ” c._=^lR G 

U - 6 
U 


S 

s 

Mi 

Mi 

Mi 

S 

M 

G 

S 

M 

M 

G 

G 


Jli -15 
N 0 
M -18 
Jli -10 
jr - 9 
Mi 
N -10 


G 

S 

5 
G 

6 
G 
il 
M 
G 
G 


G 

AT 

G 

G 

S’ 

S 

s 

G 

G 

S 


S - 5 
Ali 0 
At - 2 
N * 
N 1 
AI 

N 5 
Ali -12 
N - 3 
All -15 


G 

G 

S 

G 

G 

S 

U 

U 

G 

S 


6 

G 

S 

G 

G 

S 

G 

If 

G 

S 


S - 2 
Mi * 
M * 
N 2 
y - 5 
Mi -JO 
Mi * 
M 


Genorui r«; « 
Genera] per; o. ' 
1 General per'te"" 

^r * , Lowl 
5ii - 7 Loc.al rentenUP 

Ali 0 


y -10 1 G S All -15 I S _ S AL perifoniii-’) 

G (Lived only few Pours after i . 

Mi- 4|S M Mi G M 


Mi 

S 

AI 


NF 
sistance, 

G = 
10 , 000 . 


S ' M Mi * I S G M 

G G S * G u- Ali 1 1 

_-2 iL_»i2 5 

=: nonfilamented, "T.G/* = "toxic erranuies, Deg. — ^ 


- nonfilamented, "T.G." = "toxic erranuies, ^ 

grave, S = severe, M = moderate. Mi = X = 
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Comment — Tlie peicentage ol noiiiilamcnted cells indicated the piesence 
of an infection in all of the 14 cases, and in all loiiglil} paiallolcd the seventy 
of tlie piocess The peicentage of “toxic giaiiules” failed to shon such a process 
in 4 of the patients, and the peicentage ot degeiieiatcd cells uas not abnormally 
elevated in 7 Wlieie applicable, the ‘ index of icsistaiiee’’ followed the clinical 
com so eloselj 

Fiom the foiegoing it would appeal that the nonfilaincnted cell percentage 
was the most helpful, while the peicentage of degeneiated cells was of the least 
value 

Txble II 


Acute Appenwcihs Not Ctwcrenois 


PA 

TIENT 

ppeoperatiic I 


Tjrmn 

DaV 



sivi ir 

D\\ 


! COMMENT 


M 

“TG ’ 

’ Deg 

IR 

AF ‘ 

‘TG 

» Dog I R 1 

\1 

TCt 

Deg 

1 li 


1 

AT 

N 

All 

* 

' AI 

S 

Ml 

* 1 

M 

s 

Ml 

* 


2 

G 

S 

AI 

-4 

AI 

AI 

Ml 

* 

M 

o 

All 

* 


3 

S 

S 

All 

-3 

M 

M 

Ml 

1 

AJ 

s 

N 

* 

Ihocal peritonitis 

4 

Ml 

M 

N 

* 1 

AI 

S 

N 

* 


M 

Ah 

* 

1 

5 

Ml 

M 

Ati 


8 

M 

N 

* 

" 

Ml 

\ 

* 

[Phlebitis third day 

6 

N 

Ui 

N 

* , 

M 

M 

Ml 

* 

M 

> 

Y 

* 


7 1 

G 

N 

N 

* 

S 

S 


* 

( 

s 

Ah 

* 


8 

M 

M 

Ml 

* 

AI: 

S 

N 

' 

M 

Ml 

N 



1 


Comment — In all of the 8 patients witli icut( appendicitis cnnmeiated in 
Table II, the piesence of an uiflammatoi \ piocts', was indicated bj the pei- 
centagie of nondlanicnted cells The peictnfa^( ot to\ic g’laniiJos" indicated 
sucli a process lu 6 ot the patients The ptucntagi of degeneiated cells \\as 
not suffieientlj elevated to indicate an\ inflamnntion in 5 of the 8 patients 

In the gionp of 22 patients with appeudit itis 24 ot which were gangrenous 
and 8 of which Mete mildlj acute the penentage of iionfilameiited cells was 
delated in 100 pei cent, the percentage ot to\ic granules'’ was eleiated in 
73 pet cent, while the peicentage of letogmzable degeneiated neutiophiles 
Mas eleiated in 43 pei cent 


Tabi/e III 


PNEI MOM A 





= ■ 


= 


=~=- 





’ — 

' INDEi. 1 


PA 

TIENT 

NOVFILA'MENTED 


‘tomc 
UI ES 

crAN 


1 ODCENErATro 

1 


RESIST 1 
\NCE* 1 

COMMENT 

1 

Ml AIo 

S 

g| 

ImT 

Mo 

S 

G 

1 

[Ml Mo 

1 

S 

ti 


Died following dTj 

o 

1 



1 




1 I 

o 


- 0, -JO, 

Died in 3 dn^s 









3 



0, - 3 1 

Discharged 15th 













day 

4 1 

3 

2 

2 i 



3 

4 

5 

2 


- 5, 10 

Di«charged 20th 
day 









1 


2 

10, -24 

Died in 4 dars 

“ 1 

2 

2 






1 5 

1 

4 1 

-7, 13 

Discharged I^th 
daj 

Died on Sth da\ 

c , 









2 


-27, 

s . 



0 




5 


4 

1 

- 4, -20 

Discharged 43‘!t 












day 








1 1 



ij 

- 3 I 

Died daj admitted 

10 ■ 


1 

6 



3 

4 1 

3 

2 


- 4, -15 1 

Died on 7th dav 


'ELxtreme limits 
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Comment . — In tlie 10 patients with pneumonia, 6 eases of ivliicJi iverefaiiil 
the percentage of “toxic gTanuIes” indicated a grave process in all. TlieperOT.;. 
age of nonfilainented cells indicated a grave process in all of the 6 fatal case.«.ar..i 
one of moderate degree in all but one of the nonfatal cases. In much the sar,.; 
manner the percentage of degenerated cells indicated a grave process in 3 oi tk 
5 fatal cases, and indicated a grave process in one of the 4 nonfatal eases. 

It would thus seem that the percentage of nonfilamented cells was the mo-; 
helpful and accurate index in this series, followed veiy closely hr flw pcmnlscc 
of degenerated cells. The percentage of “toxic granules” was of little help. 
Mention should be made of the fact that patient No. 8, who received a giavi 
prognosis from both the nonfilamented and degenerated cells, received adequate 
dosage of sulfanilamide, and seemed clinically to be improved bj’ it. 


Table IV 

Miscellaneous Infections 


PA.' 

TIEXT 

NONFILA- 

ATEKTED 

‘ ‘ TOXIC 
GRAN- 
ULES ' ’ 

DEGENER- 

ATED 

INDEX 

resist- 

ance"^ 

DIAGNOSIS 


Mo 

s 

G 

Mo S G 

IMo S 

G 



1 



2 


0 


2 


-10, -IS 

Typhoid 

2 


1 

2 


3 

1 


2 


Typhoid 

3 



2 

1 

1 

1 

1 


-12, -19 

Streptococcic bacter- 











emia 

i 

4 

3 

3 

6 

2 1 

9 

1 


- 1, 12 

Meningitis (pneumo- 











coccic) 

5 



1 


1 



1 

- 4 

Meningitis (pneumo- 











coccic) 

6 



3 


3 


1 

2 

- 1, -18 

Erysipelas 

7 



2 


2 


2 


- 6, -14 

Bacterial endocarditis 

8 



2 


2 



2 

-4,-3 

Gangrenous stomatitis 

9 



2 


2 

2 



-12, -13 

Ruptured ulcer (peri- 











tonitis) 

10 

2 

1 



1 2 




- 7, 0 

Acute cholecystitis 

11 


1 

1 


2 

1 

1 


- 8 

Pulmonary tnbercu- 











losis 

12 


1 

1 


2 


2 


-5, 0 

Meningitis (TB) 

13 

1 




1 




2 

Meningitis (TB) ' 

14 


2 



2 

2 



- S, 0 

Pyelonephritis 

15 


1 


1 


1 




Hydroneplirosis ^ 

16 

Mild 

3 

1 

1 

Mild 3 


-IS 

Pregnancy (appondi- f 











citis?) 

17 

2 



1 

1 

1 

1 


-11, - 5 

Appendicitis? }; 

IS 

1 

2 

20 


2 16 

2 

3 13 

-25, 20 

Hemolytic streptococ- t- 











cus wound infecliuu 

19 


1 

3 


2 2 

2 

1 


-7,-4 

Appendicitis? 











Tonsillitis c. 


1 

1 

1 


3 

Normal 

3 

-9,-7 

Salpingitis 

B 


1 

3 


1 3 

o 

O 

1 


-9, 6 

Sfapliylococcic bac- ^ 

■I 










teremia 


COMMKT 


pied on 4tii dV 


siOD 


Sion 


31st dny 
lisclwrged 2 
ter 

lied d.i.v 

admission 
)ied day to 

admi.'sion 
lisclmrgcd li 
ercd 

lied dn.v of 
sion 


iDiscliarged n't 

nlpingoi'io®-’'”-.", 

eventful 


•Extreme limits. 
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Cojnment — ^In the 21 cases of miscelldncous infections m Table IV, the in- 
formation deined fiom each count is compaied iiith the clinical findings in lela 
tion to the type and the seAeiitj of the process, together A\ith the outcome The 
count most closely coriesponding to the clinical cMdence, in our judgement, is 
listed as number 1, tlie other counts being giaded 2 and 3 m the oidei in A\hieh 
they approach the first Tlie results aie tabulated as follons 


PAfjent No 

1 

o 

3 

4 

5 b 

7 

8 9 

10 11 

aj 

13 

14 lo 16 

17 

as 

19 

20 

2 a 

Nonfiiamented 

1 

1 

1 

i 

1 1 

1 

1 1 

1 > 

1 

2 

2 1 1 

1 

1 

2 

2 

1 

‘'Toxic granules" 

1 

3 

2 

o 

1 1 

1 

1 1 

Z 1 

2 

1 

3 ® 2 

2 

1 

2 

1 

1 

Degenerated 

3 

2 

3 

i 

1 1 


1 

J 

2 

2 

12 1 

1 

1 

a 

3 

1 


It maj be seen from the above tliat the pciccntage of nonfilainented cells 
indicated a process closelj coriesponding to our impiession of tlie case clniieallj 
in 15 out of 21 cases (71 pei cent) In tlic case ot one patient, the conclusions 
derived fiom the peicentage of nonfilamentcd cells wcie consideied less acciuate 
than those of the othei counts The peiccntige of tovic gianulcs” seemed to 
reflect the clmical condition accurately in H < t the 21 cases (52 pei cent) The 
conclusions derived fiom the percentage ot degenerated colls seemed to be 
accurate in 11 of the 21 cases (52 pei cent^ In 6 ot the listed cases the pei 
centage of degenerated colls indicated a process whicli was consideied the least 
accurate of the counts In 6 cases the white. <<mnt was not sufficieiitlj elevated 
fo calculate the "index of resistance/ m 9 it s omed to loJlou the clinical course 
closely, and in 6 it was of questionable signific inco 

DISCUSSION 

In estimating the value of these several methods of eNamination, the informa- 
tion gained must be balanced against the time cfioit and equipment requiied 
The determination of the percentage of nonfilamentcd cells is relatively easy, 
requiring a small amount of time, no special technical skill, and appeals to be 
subject to little individual variation Tlic counting of " toxic granules is also 
relatively easy, requiring somewhat better staining, but again subject to little 
variation in individual examincis The determination of the poicentagc of do 
generated cells, on the other hand, is difficult It requires good smears, a good 
stain, and veiy’’ close examination of the ncutrophiles, necessitating the e\pendi 
ture of more time "Witli the best obtainable technique tlie individual variations 
must be laigc It would appear that only ni exceptional circumstances could 
hospitals incorpoiate this proceduie into the loutinc laboratory examinations 
Probably more skill and oxpeiience would produce better results but fiom oiu 
experiences there vvould seem to be little reason foi encouraging the adoption 
of such a piocediire 

SUAIMARX 

In 22 cases of acute appendicitis, the peiccntjgc of nonfiiamented cells was 
found to give inoie aeeuiate information regarding the presence and severitv 
of the process than the percentage of either "toxic granules" or degenerated 
cells 
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The prognosis, as indicated by the percentage of nonfiiamenfed ceils in !• 
cases of pneumonia, was more accurate than either of the other coimts. 

In 21 cases of miscellaneous infections, the percentage of nonfilamcnk.] 
cells indicated a condition more frequently in accord with tlie clinical findinrs 
than either of the other two. 


CONCLUSION 

For accuracy of information, speed, and ease of execution, it would app:- 
that the percentage of nonhlamented cells was the most raluaijlc qnaliialivi 
examination in this group of infections. 

The impression is gained from this study that the determination of de- 
generated cells requires a degree of training and technical skill not to beexpcclal 
of the average hospital technician. 
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THE ANTACID PROPERTIES OE ILVGNESIUAI TRISIEICATE IN 
NORMAL SOBJECTS AND PATIENTS WITH PEPTIC ULCERS* 


Philip Kurtz, 31 D Indivmpolis Ind 


M AGNESIU3I tiisilicate 1ms iccuitB leiencd attention ,is a means of 
neutralizing excess gastric aciditx (Mutch’ ”) In the picsence of hjdio 
chloric acid a colloidal gel is foimed with a neutializmg power, which is partlj 
chemical and parth adsoiptne The initial ph isc of iieiitialization is lapid 
and the subsequent phase piolonged The toxic dt is low and dangei of aKalosis 
IS minimized bj the fact that magnesnmi tusihcite is insoUililc in distilled watei 
and weak alkalies An excess is, therefore iioi ahsoihed and legaidlcss of the 
amount gixen, the gastiie teaefion will iiol go tai below nentralitx This is 
a propertx which maj be of clinical importan i 
' 3Iutch states that it does not disturb bowel inotihti and that it has a selec 
'l tive adsorbing power for certain bacterial toxins pntietaetiie amines, and food 
poisons 3raiin* reported a nine houi fraction d test mtal on a patient wntb a 
gastric ulcer receiting 1 dram of magnesium tusilnatc e\er\ horn Fiee Indro 
l chloric acid was absent in 17 of 19 samples Mnteh reported 7 noimal subjects 
with fractional gastric anabses following a stindaid meal with and without 3) 
grams of magnesium tiisilieate He demonsHitid that a substantial leduction 
' in hjdroehloiic acid occurred 

Since there is often xauation in the results ot conseiufnc gastric anahses 
on normal persons following Eivald oi alcohol meals it was decided to test t e 
antacid properties of magnesium tiisilicate itter administration of histamine 
acid phosphate, gi'mi subcUtaneoiisB Theie is a question whether hisfamme 
stimulates the production of gastric enznnes- hut it is know-n to he a poweiful 
acid secrefagogue Thcrcfoie, it seems adequate as a test meal foi demonstiating 
antacid properties of magnesuim tnsihcatc 


^fETHODS 

rourteen of the subjects weie noimal loung adult white males, 21 to 33 
5 ears of age Three of the subjects were white males 23 to 4 j leais of age, 
with peptic ulcers pi eiioush demonstiated hi x lai All 3 la tipiea sinip 
toms and had not boon tieatcd for several da^s 

The subjects weie in the postahsorptiic state A Eebfuss tube was passed 
and the fasting gastric contents weie eomplctelj aspiratci ion t ici rceeiic 
0 a mg histamine subcutanconsli Tins w as not more than fii e m.mites before 
the administration of water oi water and magnesium trisilieate On the con 
trol dai, 50 c e tap water weie adin.n.steied bi the Rehfnss tube, and on the 


^From the Indianapolis Clt> Hospital Indianapolis 

necen.a ror tureKLcl bi ni lllh an, Co 


,, lilagnesii 
olanapoils 


in 
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test day, 50 c.c. tap water plus 15 grains magnesium trisilicate were p\c 
Ten cubic centimeters of gastric juice were withdrawn three times at tliinj. 
minute intervals following the histamine injection. 

The control day preceded the test day in 9 normal cases and all 3 of ('• 
ulcers. The control day followed the test day in 5 of the normal cases. 


Table I 


The Average Titratable Acid and pH op Gastric Juice of 14 Normal SUBjras jv j 
Patients With Peptic Ulcer, Using Histamine Stimulation M ith and Wmion 
Administration of 15 Grains of Magnesiuji Trisilicate 



topper’s reagent I 

PHENOL RED 1 

pll 

"WATER 

WATER + 
mag. TRIS. 

WATER 

AVATER + 
MAG. TRIS. 

WATER 

WAH l - 
MAG. Tl:1 

Normal Siih.jecis 

Fasting 

30' 

60' 

90' 

acid p< 
10.2 

37.6 

63.5 

52.3 

sr cent 

13.1 

9.4 

26.9 

22.3 

acid pi 

15.1 

42.3 

69.2 

61.3 

;r cent 

20.2 

14.3 

33.5 

31.6 

4.1C 

1.94 

1.26 

1.36 

r>?i 

324 

1,?3 

n oij 

Patients With Peptic Ulcer 

Fasting 

30' 

60' 

90' 

acid p 

36.3 

52.0 

92.3 

74.3 

er cent 

19.2 

22.6 

50.3 

30.0 

acid pi 
47.0 

57.2 

96.5 

Av. of 2 

98.5 

Av. of 2 

er cent 

29.5 

27.2 

54.3 

39.7 

1.63 

1.23 

1.13 

1.13 

2.03 

2.43 

1.40 

l.C? 


Determination of pH by the colorimetric method of , -i. 

of 1 c.c. of filtered gastric juice to pH 7.0 with 0.01 N so i^vcrc dw.f 

phenol red as the indicator as recommended by Helmei an ^ 
on each sample without delay. Titration of 1 c.c. filtcre ^ ;vas ah' 
0.01 N sodium hydroxide, using Topfer’s reagent jo give Ih 

done for comparison. The titration figures were ^ gastric 

number of cubic centimeters of 0.1 N hj’^drochloric acid pei 
or units of acid per cent. 


RESULTS 

Table I shoivs that 15 grains of magnesium ^*^280 acid pa'' 

titratable acidity of the gastric juice of 14 normal and 

at the thirty-minute interval, 35.7 acid per cent at sixt} mu ,f}jrn 

per cent at ninety minutes. This checks well lyth t le e ^ iiiin'd'^ 
using Topfer ’s reagent as the indicator : 28.2 acid pei ce^^ jiinety niia”*'^' 
36.6 acid per cent at sixty minutes, and 30.0 acid pei cei 
The pH was correspondingly increased. ^ peptic lik'"’’ 

A similar reduction in titratable acidity was found iii ■ • 

(Table I). wed a reduef’'’" 

The ninety-minute samples of each person teste ecr' 

acidity (the average decrease of all 17 at ninety lj.jsilicalc 

despite the fact that an appreciable amount of magncsni 
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saril} remo'ved ■with the and sixty minute samples of gastric juice "with 

drawn for analysis It made no diffeienee wliethoi tlie coutiol da\ preceded oi 
followed the test daj 


CONCEl SIO^S 

The efficiene\ of magnesium tiisiluate as a gastiie antacid has been demon 
stiatcd following histamine stimulation in 14 noimal subjects and 3 patients 
with peptic ulcei 

Beduction in fiee acid was still maiKcd ninet\ minutes aftei admmistiation 
of 15 giains of magnesium tiisilicatc 
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EPFECT ON BACrEinOPHAGC 01 PU0NT\L1\ PRONTOSIL, 
SULFAPYRIDINE AND OTHER ANTISEPTICS AND 
DYES USED IN SURGK \I PRACTKB'^ 

^FLE^ ZviTZEFF Jfrx JI D \ndJk\nkL MeLFXEAjJ^ID 
New \ork N Y 


INTFODLCTIOX 

S URGICAL infections aie fiequenth caused In two or moie pathogenic oigan 
isms each requiiing a diffeicnt method of attack For the staplij Jococeus, 
the most common causatne oiganism of wound infection, potent bacteiiophages 
ha\e been successfullj emplo\cd in leecnt Acais^ Tlie colon bacillus and 
R pyocyaneus, winch arc commonh found in postopeiatuc cAStitis and in 
wounds infected b\ intestinal oiganisms, often piompth disappeai under potent 
bacteriophage ticatment Neveithclcss mam wounds aie infected with organ 
isms for which no potent bacteiiophages line act been found Among these aie 
the laige gioiips of stieptococci 'Jlie lieiiiolatic stieptococciis winch is often 
found in combination witli St(ti)kulococcus aureus has heretofoie been an infec 
tue agent causing gioat eoncein to the siugcons But recenth sulfanilamide''^ 
and zinc peioxide'^' ha\e been shown to be offectne aacnts against it, tlie 

•From the Bacteriological Re^e-irch I^bol ton the Department of Surger> Colinnbn 
Unnersltj New lork. 

Recclacd for publication September 6 193S 
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former as an internal medicament and the latter as a local applicant. Howcn:. 
it has been found that these chemicals have little or no effect on stapliybs.'.\; 
and certain other pathogenic bacteria. The question arises ivliethcr thy. ;j 
well as other specific or general antiseptics, can be used in combinational;'- 
bacteriophage to combat mixed infections. Tlie present paper attempts toanr.r,-.’- 
this question. 

LITERATURE 

There is a long list of reports on the effect of antiseptics on bacferioph,'::;. 
The literature on this subject is too voluminous to review here but rcfcienct b 
given in the bibliographjL^'®® Suffice it to saj’’ tliat these reports Jiave slio«r. 
that antiseptics in general inhibit or destroy bacteriophage. Some autliors Ime 
shown that there is a differential action of certain antiseptics on diftcrcnf t.'T'-s' 
and on different races of phage within the same tjqie. 


EXPERUIENTAL 


Our study was undertaken for the purpose of determining wlietlier certain 
antiseptics could be used with our phages in the treatment of mixed infcctiois 
The antiseptics and djms frequently^ employed on the surgical sernce of th 
Presbjderian Hospital, New York, are (1) prontylin (sulfanilamide); (“) -^ 
per cent prontosil; (3) Dakin’s solution; (4) 2 per cent and 4 per cent loric 
acid; (5) red -wash (1 per cent zinc sulfate) ; (6) 5 per cent ahmiimimacuf' 
(7) 95 per cent, 10 per cent, 5 per cent, and 0.5 per cent carbolic aci , ^ 
1:10,000 silver nitrate; (9) 10 per cent argyrol; (10) 1 per cent 
(11) 25 and 70 per cent alcohol; (12) 2 per cent merciirochrome; (13) • 
and 1:10,000 merthiolate ; (14) 1:500 and 1:5,000 metaplien; 
iodine; (16) 1:500 azoehloramide ; (17) 1 : 1,000 hexydresorcinol , ( )^ ofiil 
to 10 per cent zinc peroxide; (19) 1:2,000 methylene blue; (2 ) .qj;' 

gentian violet. The surgical solutions include (21) physiologica sa ^ 
per cent), 1 per cent and 5 per cent saline; (22) Ringer s solution. 
cent dextrose solution in distilled water and 5 per cent dextiose 
solution; (24) 1 per cent novocain. The recent discovery o 
(derivative of sulfanilamide) and its wide use in infections gddi- 

of pathogenic microorganisms made it necessary to eall.^ tie action 
tioual series of experiments on the effect of this substance upon 


bacteriophage. 

All of our experiments were carried out with oin stap ly },^c(eri3- 
bacillus, and B. pyocijaneus bacteriophages and their pt 

We employed two staphydococcus phages: (A) ^ plaques on 

Gratia and (B) stock staphylococcus phage mixture, hot atiro'^ 

solid media in the seventh decimal dilution (10‘). me experin'f’^*' 

“strain F’’ was used for their propagation in the com sc o media in 

Polyvalent B. coli phage “MK” of MacNeal formed „^ed for >■;' 

the sixth decimal dilution (10'“). Colon bacillus yfacNcal^'i’''^ 

propagation. (A) polyvalent pyocyaneus stock mixture p nv ,vas«“'‘ 

formed plaques on solid media in the sixth decimal i u lon 
with B. pyocijaneus “strain D.” 
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TI tllMQUr 

In Older to lest as ncaily as possible the actual concentialion of tlie anti- 
septic commonly used for tieatments, ut* employed 1 cc of ten times concen- 
trated savita bioth, to which was added 0 c c ol antiseptic ot tlic desired stiength. 
Prontylin and sulfapyridiiic weie di*-sohed diiectly in 1 per cent savita broth 
and zme peroxide (Du Pont medicinal giadc Z P 0 ) ^\as suspended in &a\ita 
brotli as well as in distilled water. Tlie elfoi t of the siiigical solutions ^\as studied 
both with and without savita brotli One tentli cubic centimeter of staphylococ- 
cus phage or 0 25 c c. of B coli or B pyuajantoit', phages uas added to 10 e c. 
of media and enough bacteria to make a final suspension ot 50 million per c.c. 
througliout tlie experiments (see Pigs 1 and 2) 

Our experiments diffeied fiom those ot pies ions ^^olkcls in that ^^e demon- 
strated the complete inhiliition or the diminution ot the titer of the phages both 
in liquid and on solid media The eftcct ot snltanilamide, sulfapyridmo, and 
zinc peroxide is shown for the first time 

RESULTS 

The results of our experiments aic picsi mul in foiu gioiips The first gioup 
embraces 11 antiseptics nhich destioycd '»tapli\lu(oefUb, B coli, and B. pyo- 
ci/ancus bacteriophages and haeteiia cquallj m* II wilhin UNCUty four hours This 
group includes 95 per cent and 10 per mil < nboln atid, 10 per cent argjTol 
(solargcntum), 70 per cent aleoliol, 2 pci <«.nt mucuiochromc, 35 per cent 
iodine, 1*500 and 1 :5,000 dilutions of metaplu n in \s.itci, 1 per cent acetic acid, 
5 per cent caibolic acid and 5 per cent aluminum acetate 

Tabit I 


Titfr avo Lytic Ability or Stamiylococcus, B (*»if asd B Ptocyaneus Phages After 
24 Hour Con’tact IVitii tiif Antiseptu s Wun n Diffei.entialia or 
Partially Ikactiiated iiif PiiAOEb 



STAPH 

PUACF ' 


piur.r 

t B F\OC\ VMl S PHAGE 

TITEP. 

I YTK 
ABILITY 1 

TUFF 

It tic 

ABILITY 

TITER 

LYTIC 

ABILITY 

Unkin’s solution 

0 

0 

ri 

0 

4 

4+ 

1 1,000 MerUiioltvte 

0 

0 

0 

0 


4+ 

2% Gentian violet 

0 

0 

u 

0 



1*500 Azochloramide 

0 

0 

2 

4+ 



10% Zine peroxide 

0 

0 

3 



“ 

1:2,000 Methjlene blue 

0 

0 





25% Aleoliol 

0 

1 " 

• 

1 ' 



Red tva«li 1 per cent zinc. 

0 or 1 

1 0 

3 



- 

PuUatc ' 







1 ’10,000 Silver nitrate 

0 or 1 

1 0 

3 

4+ 1 



1:1000 Hexylresoremol 1 

0 

' 0 

4 

4+ 1 



1% Zinc peroxide 

0 

t 0 





1% Novocain 

0 or 2 

1 0 

4 

4+ 



1*10,000 Mertluolatc 

0 

i ^ 

5 

1 



0 5% Carbolic acid 

T 


> 

- 



*1% Bone acid 

2 or 3 

1 

1 or 4 

4+ 

3 or 4 


^Vo Boric acid 

3 or 4 

1 4+ 

4 

4+ 



control 

7 

1 4+ 

6 

4+ 




0 i= Inabilit> to recover bacteriopliaBe (tltci) 
u = Recoverj' of phage from undiluted flitiate 

1 up to 7 = 10* up to 10^ phage titer on solid medium 

4 = Complete visible lysIs In broth 

3 + = Partial Jjsls 
0 =: No lysis 
- Not tested. 
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Tlie second group inchided those found to liave a differential orj);>r,i:. 
lethal effect on our phages, as shown on Table I. This iiichules, in Ik (ini--:'', 
their deleterious effect ; Dakin’s solution, 1 :l,O00 inevthioiate, 2 per cent rnwh- 
violet, 1:500 azochloramide, 10 per cent zinc peroxide, 1 •.2,000 metliykm Ih 
25 per cent alcohol, red wash (1 per cent zinc sulfate), 1:10,000 silver site. 
1:1,000 hexylresorcinol, 1 per cent zinc peroxide, 1 j)er cent iiovocsin, l.-lftOn 
merthiolate, and 4 per cent boric acid. 

Most of the antiseptics of this group produced complete destruclion v 
staphylococcus bacteriophage and only partial destruction of B. cofi am! B 
ptjocyancus phages. B. pyocyanena phage in general proved to be more rohtr! 
to the effect of antiseptics than B. coli phage. 

Of particular interest to us was the effect of 1 per cent novocain nMiliv ■ 
found to possess a highly desti-uctive action against stapliylocoeeiis pliaue 
ishing the titer fi’oin 10' to 10-. There was also a decrease of titer from k* t" 
10“ of both S. coli and B. pyocy miens phages. 

Pive-tenths per cent carbolic acid and 2 per cent and 4 per cent iioric evi 
represent the weakest among the commonly used surgical antiseptics. Tiie.v pro- 
duced only a partial destruction of staphylococcus, B. coli, and B. pijocmm’^ 
phages. 


Tabue II 

Titeu anb Lytic Ability of Stapiiyi-ococcus, B. Coli, akh B. Pyocyaseiis Piiwes Irrra 
24 -IIouf. Contact With Psontymn, Pkontosil, akp SoLrAr^!IIlL^E 


‘YOCYisrcs law 



STAPH 

rllAGE 

B. CoLI PHAGE 


TITEK 

LYTIC 

ability 

TITER 

LYTIC 

ability 

1:100 and 1 : 1,000 
Prontvlin 

7 or (5 

4+ 

(! 

4+ 

1:10,000 and 1:1,000,000 
Prontylin 

7 

4-}- 

G 

4+ 

2.5% Prontosil 

4 

0 

0 


1%, 0.5% and 0.1% 
1:10,000 and 1:33,000 
Sulfapyridine 

Prontosil 

7 or 6 

4+ 

0 

4+ 

Savita control 

7 

4+ 

C 



n. I 



4 ^ 

4 ^ 


•!. 6. 7 = 10, ‘ 10,' and lo' phage titer on soUO medium. 

= Complete visible lysis in broth. 

0 =; Xo lysis. 


Table II piresents tlie tliircl group which shows re.sul{s of the e 
of various dilutions of prontylin (sulfanilamide) and prontosil. » ^5 

proaeh as nearly as possible the actual concentndion of r iPe ts 

body, a wide range of dilutions from 1:100 to 1 :1,000,000 were c. 

periment. None of these dilutions was found to exert any de c eim^^ 
the titer or the lytic ability of B. roU pliages, as eompared uit i ^ 

This was found to he the case after twenty-four hour.s of i»c« of 

after one week and one month of refrigeration. A 3 pci < cn ^ 

fanilainide was found to produce 'an occasional diinuiat'*’'' fmw 


staphylococcus phage from 10" to lO*’’ and of B. pijoryoor^P 
to 10". There was complete visible lysis by the treated p 
dium. A 1 per cent dilution of sulfanilamide was also fonm 
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a sliglit bactBiio&tatic effect on all thiee t\pes ot bTctena and tins ^\as notice 
able on]} dniiiig the fiist few horns ot incubation One tenth pei cent and 
higher dilutions did not c\cit anj Msiblc effect citlier on phages oi bacteiia 
Results with sulfanilamide in sa\ita biotli winch was lieated np to 50° C weie 
^erj similar 

The effect of sulfapjudine was studied m dilutions 1 1000, 1 10,000, and 
1 33,000 These dilutions lepiesent the laiige ot concentiatioii which sulfa 
pjridme usualh leaches iii the blood ot patients tieatcd with this agent None 
of these dilutions of sulfapMidmc was touiid to e\eit am dcleteiious effect 
upon the Ijtic ablht^ of stapln lototi us li colt and B p\jocijancti<i bacteiio 
phages On the eontiai} , theie was an indu ition tint sulfapMidine enhanced 
the htic effect of staplnloeoccus and B toh phij-es This stud} is to be pie 
sented in a sepaiate publication IIowcau the titei of the bacteiiopliages 
propagated in the piesence of suIfapM uliiie usuilh remained unchanged or 
fell sliglitl} 

Theie was a definite bacteuostatic efh I igiiust/t co/i and R pyocyancus, 
which was most pionounced withm tlie fust si\ hoiiis IIowe\ei, after twent} 
four houis, the difference in dcgiee of baitnu! ^lowtli in tubes containing 
sulfap} ridine and the contiols was onh slight oi completeh absent No bae 
tenostatic effect was obsened tow.ud cultnus of 'Staphylococcus aureus 

Compaicd with othei d}es pieMoush m t(d the antiseptic powei of 2 5 per 
cent prontosil showed the least delcteiious cfKct fweiit} fom hoiu contact of 
0 1 e c of staph} lococcus phage witli 10 c c ot 2 5 pei tent pi ontosil i esulted in 
loweiing the titei of the phage from 10" to 10* and the 1} tic abilit\ of the treated 
phage was complctelv inhibited Howe\ei when 1 e c of phage was taken in 
stead of 0 1 c c , the titer of the phage was reduced onl} fiom 10 to 10®, in othei 
''ords, was praeticalh iinaltcied TwentA fourhoui contact of 2 5 per cent 
prontosil with B coh and B pyocyancus phages brought no change of titer or 
htie ability to these phages There was no MSible effect on the de\eIopment of 
staphylococcus, B coh, or B pyocyancus organisms One per cent, 0 5 per cent, 
and 0 1 per cent dilutions of pi ontosil were likewise found to piodiice no visible 
changes in staph} lococcus, B coh, and B pyocyancus phages oi then homologous 
bacteria In fact, titiation of staph} lococcus phage after tweiiU four hour con 
tact with 1 per cent and 0 5 pei cent prontosil showed the titci to be slightl} 
higher than that of the sa\ita control, and tlie hsis in liquid medium took place a 
httle before the saMta control The possibility of an adjuyant action of these 
dilutions on bacteriophage is being studied and will bo reported later 

The surgical solutions aie included in the fouith gioup Bacteriophages 
prepared in sayita bioth as well as in distilled water containing 1 pci cent saline 
(sodium chloride) instead of 0 5 per cent, with one exception, differed in no re 
spect from the eontiol phages Tlic same was true for Ringei s solution, 5 per 
cent dextrose in distilled watci, and 5 per cent dextrose in Ringer’s solution 

There was onl} partial l}sis of the staph} lococcus in 5 pei cent saline 
(sodium clilondc) in savita broth, and the titer of the phage was found to he 
10® On the other hand, there was complete 1} SIS w ith R coZt and R pyocyancus 
Pbages, although the titer of the phages was diminished in both cases to 10* 
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DISCUSSION 

In this study we have attempted to find out wliat effect certain anli-ij:;''* 
and other dressing solutions, commonly used in surgical practice, liaduivir.: 
potent staphj'lococeus, B. coli, and B. pyocyaneus bacteriophages. Wcliau i- 
eluded a number of surgical solutions employed locally or parcnterally, td 
novocain, which is sometimes used as a preliminai-y medication. 

Comparing the results of previous workers with our own, ve find a mii re 
of apparent discrepancies. Some of these seem to be due to diffcrenoi'' i' 
technique, such as variations in the medium in which ])hage is broiigiit into c. ■ 
tact with the antiseptic, its chemical reaction and its amount, a.s mil ti 
time and temperature at which the experiments are carried out. But tlic e!.’ s 
discrepancy is probably due to the different types and the potency of the phre ' 
emplojmd. 


B. coll 
along 


B. coli 
plus phage 


staph, aupous 
alona 


SUphnn-,-' 
plus fti? 



Alcohol 


70SS Alcohol 
2^ Prontosil 
1:2000 

Mathylong Blue 
Acetic Acid 


Savlta Broth pH 8.1 


Savita Broth pH 5.2 



Fig. 1. — The comparative effect of various antiseptics on ' 


ani r,. 


acetic acifl de.stroj-eU staphylococcus and S. coli organisms. ‘^"e,,«.lvccl. Twayjj 

inliibitcd tlie growth of stapliylococcus, but a few colonics of B. cm' interbru 

lialf per cent prontosil did not prevent the normal growtli of C'Uicr uaeie pron* 

tlie lytic action of stapiiyloeoccus bacteriophage, as -.Innics of fU'C''th 

plate, Tiiere wa.s no apparent effect on S. coli phage. A S’ medi""' 

phage control of pH 5.2 indicate tiiat it is affected by tlie lou Pn oi i 
witli no growtli from tlie pH S,1 control tube. 

Our work lias been in general agreement witii the P*’®' pi tr- 
effect tliat bacteriophage is susceptible to, and is some of 

stronger antisejitics, and that there is a differential su«fp-^'‘ 

weaker antiseptics, tlie staphylococcus phages being regulai j n 
than the B. coli phages. AYe have also shown tliat the lattei m 
susceptible than tiie B. pyocyaneus phages. j-„f t‘i- 

None of our e.xporimenls has thrown any of IcS'"’ 

differentiation. It is well known, of course, that diffeirn ,,)t slN’-'’ 


their susceptibility to antiseptics and to a Ic.s.s 


witliin the same .species vary. The analogy uiny 


be an indicatio” 


tlint ' 
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teiioplmges aie biologieallj similai to bacteiia and behave more like living 
organisms in this icspeet than chcniieal leagents oi even enzvmes It is of some 
inteiest that in gcncial the bactciia ait moie susceptible tlian then coiiespond 
mg phages Potency does not seem to ixiii paiallcl with suseeptibilitv , because 
the two staph jlococcus phages difteicd m pottnej but wae similai m suscepti 
bibtj Also, the staphjlocoecus phages wcie both moie poh valent and mote 
potent than tlie B coh phages although the lattci weie moie icsistant These lu 
turn were inoie potent than the moie icsistant B })yoL!jatici(s phage iiusture 
Wc have observed that the stapbvlococcus phages do not propagate as 
lapidlj at low pll levels as the othei two phages and il mav be that the low pll 
of most of the antiseptics maj plav a pail in the easioi desti notion of the staph 
jloeoccus phages Howevei, staphvlococLiis phages ueie also moie susceptible 
to the zinc peio\ide suspensions wliith arc on hi,.h pll levels This agiees with 
Sierakowski and Zabludovvska®'* who believe that the high pll langes aie also 
inhibitors of staphjlocoecus phage Thoj slmwtd lint staplu lococcus phage was 
killed at pH 9 45, while B coh phage was d sliovtd jt pH 10 3 The chief dis 



„ Elff 2 — The potenc> of staphi lococcus phage a estimatea b> Utralion on agar plates 
Normal growth of ataphj lococcus on qua Irants Inocui ted bacteria and ^\lth a loopful of 

undjlutod phage filtrate after contact ^ ith 2o per cent and ^ per cent alcohol 1 per cent 
acetic acid and 1 2 000 mcthjlene blue show that bacteriophage is completely Inactivated 
Numerous plaques of pimge replacing bacterial growth as the result of phage action after con 
tact With 2S per cent prontosd show that bacteriophage Is present but Contains a s^all^er 
number of corpuscles than savlta phage control Phage grt wn in sa\ita broth of pH S 1 
oculousJj contains a larger number of corpuscles causing greater destruction of bacteria than 
savfta control of pH 5 2 The dark area on toe methjicne blue quadrant is the result of the 

coloration of the agar 


crcpancies in our results as compaicd with those of othei woikeis have been m 
connection with the djes methj lene blue, metaphen, and meithiolate, wheie theie 
has been a difference of opinion cxpiessed 1)^ a number of authors These dis 
crepancies maj be explained bj variations in the susceptibility of dilTeient laces 
of bacteriophage oi by differences in the technique employ ed in the tests This 
IS of some practical importance because commcicial pliages which we studied had 
been “preserved*’ with meithiolate, and wc weie unable to piopagate them, in 
dicating that they had not been preserved but killed by the antiseptic 

Oiir results seem to indicate that certain of the weaker antiseptics mav have 
0 dual action on bacteiiophage fiist, an inhibition of piopagation and second, 
on interference with its lytic action By our tests, which have been checked on 
both liquid and solid media, we have frequently showai that the titer has been 
considerably lowered by the antiseptic, in other wolds, that propagation has 
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been delaj'cd or stopjjed altogether -while tlie surviving amounts of jiluiM'.-' 
full}’ capable of producing complete l.ysis. The explanation for tiiis is tut d.- 
We have felt that in these experiments the value of determiiiiiig tUyi ' 
ence of phage on solid media was more important tlian the lytic test in lip" 
media. Frequently we have demonstrated tlie pre.sence of plaques on plV" 
when the corresponding dilutions of phage failed to clear the media. Tihi' 
probably due to the fact that the optimum relationship hetweeii the iiuml'.’' 
of bacteria and phage coipn.scles did not exist, because potent phnpe cc.'! 
always be recovered from the plaques developing on the plate.s. IVitlucrli;- 
phages the clearing mechanism in liquid media cannot function U!ile.«.> ti.'> 
i.s a fairly high number of baeteinophage corpuscles present. 

The most important part of our study, and one which has not been reporti'i 
by other authors, has been the observations of the effect of prontylin, mi 
pyridine, and prontasil. Our finding that neither of these potent “.strcplcr'- 
eides” interferes with phage action makes it possible to combine their'-’t'* 
svdfanilamide and sulfapyi-idine with phage in those mixed infections nhi'.' 
are caused by the heniolj’tic streptococcus combined with staphylofocuu v 
B. coli, and we have used tins combined method with gratifying results in e 
number of instances. 

One of our experiments suggested that diluted prontosil might ovenha^f '-j 
adjiis-ant action on bacteriophage as the titer was higlier after contact iwt j 
per cent and 1.0 per cent prontosil. Sulfapyridiue, on the other hand, alt Wc 
it occasionally decreased the bacteriophage titer, definitely increased tie yii 
activity of bacteriophage. TJiis action will be studied further. ^ ^ 

The only other antiseptics rvhich will permit this procedure me - pw ^ 
and 4 per cent boi-ic acid, which ai’C of questionable antiseptic va «e. 
and 2 also indicate clearly that prontosil has little or no direct antisep ms 
on the organisms which we Jiave tested. , 

One per cent prontylin (which is considerably more coiiccntm 
ever is wlien it reaches the lesion in the human hod.v) seemed to pio 
inliibition of grondli of staplij-lococcus for tlie first four hours in i<5" 
but did not prevent ultimate growth. ( 3 ,,j y.itb 

The complete inhibition of lysis by staphylococcus phage a 
2.5 per cent prontosil (which had no sucli effect on the B. coli an • ^ 

phages) is another example of differential action which weha\cno 
explain. 

CONCLUSIONS _ ^ jjfltinU' 

1. Antiseptics in general cannot be used with bactoriophage m 
of mixed infections, Zinc peroxide is no exception to this in e, 

2. Sulfanilamide, sidfapyi’idine, and prontosil may be usci 
pliage in the treatment of mixed infections. 
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THE RATIONALE OF THE USB OP TESTOSTERO.XK PfiOPKkVAfJ- 
LV FUNCTIONAL UTERINE BLBEDINO AND DYSMENORRHEA* 


H. S. Rubinstein, ]M.D., Baltimore, Jfn. 


TT HAS recently been obsein'ed that testosterone propionate whon ■ 

in adequate dosage to patients 'ivith functional uterine bleeding of [’iw ‘J 
dy.smenorrliea'''' Iead.s to cessation of the bleeding and to an 
pain. It is difficult in the present state of Icnotrledge to c.xplain e-Niidb ^ ^ 

male sex Jioi’inone favorably influences such bleeding and pain- j' 

testosterone propionate is quite similar in strneture to jn-ogesterone { ^ 

It is known that noi'inally itrogesterone becomes an important Feto 
ovulation tvlicn further follicle effect is held in abeyance. One ^ 
led to a.ssnme that .suppres.s'ion of overaetivity of the ftraafian m 
important factor in maintaining a normal meiistmial flow. j;-.. 

pests jt.self particuiavly when one realizes that persistent 
irequent aecompaninients of-menorrliagie states and that 
orvhea has frequently been associated with excessive e.sirogen eoi'f jj'j,..-,. 
in blood and urine.'''- ~ Propesterone has been found to ietari 
inatui'ation and to inhibit ovulation.® n:.'-’' 

E.xperimenf.s eondiicted in Ibis laboratory suggest that 
ha.s a .similar efi’cct. MOieii testosterone propionate (Peramlreii, O' . .„jn 
to immature female rats 21 days of ape in 1 mp. daily intraperitmic.! . 

'Fropi the L.'i6orator>' for Rese.ureli, Surjricii! Division, Sinai Horj’it.al- 
Received for publication, November 5, J93S. 
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12 17 



PJien'inthreno nucleus 
The numbers refer to cirbon ntonj*! 




tered doses it ttas found that notwithstanding tlie fact that piematuie tagmal 
opening resulted at 30 dajs of age in test animals as conipaied to 38 dajs for the 
controls, the \aginal smcais at tlic time of opening showed onlj a proestrus 
picture® When saciificed foitj eight hours latei (32 dajs of age), thoir o\aries 
showed no e\idence of ovulation As a matter of fact, the o^azies of the test 
animals were smallei and the follicles wcie less matuie than those found in the 
control (Pig 2) In anotlici group of animals in which similai injections were 
begun at 21 dajs of age and continued to the age of 67 dajs, it was found tliat 
the \agmas of this ticated gioup also opened at 30 dajs of age, again displacing 
a proestrus smeai, while caginal opening in the contiols occuiied on the thirtj 
eighth daj, at which time these animals also showed pi oestrus smears Dail} 
■'aginal smears taken in all animals fioin the time of cagmal opening to the 
sixtj socenth daj disclosed a noimal fice to si\ dac complete estius cjcle in the 
<?ontrols while the test animals showed cithci diestius oi proestuis pictuics At 
autopsj the ocaiies of the controls wcie again found to be laiger tlinn those of 
the test animals and were seen to contain large coipoia lutea No cMdcnce of 
o'ulation or lutemization was found m the o\aucs of the injected animals (Pig 
1) Tins suggests a suppiession of ovulation in tlic test animals as a icsult of 
repeated injections of testosteione piopionate 
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C. 



Pig 2 — Comparison of ovaries of animals (rats) treated with 
their controls (magnifloation X70). A, 0\arj of 32 -da>-old treateu i<» 
hours after artiflcially induced vaginal opening The ovarj is smaller 




iHer are 

No corpora i< 

B, Ovaiv of 32-day-old contiol rat obtained while vagina was are 

relatively large and the follicles appear highlv developed No coreora lut^ 

Ovarj" of 67-da3-oId tieated rat Ovaij' is relatlv'eh small, no ,j 2 e of R''* f”,!]; 

distinguished D, Ovarj of 67-dav-old control The specimen is twice the progrc 

the treated animal Se\eial huge coipora lutea are present, lolhcie n 
normallj 

Hence, it is possible that the similarity in elieniical cffed 

testosterone propionate and progesterone may explain the progcs e 
of the substance used. , , giiccc-'S 

It will be noted from previous reports^’ * that the 
ful in our cases was much smaller than that recently repoite J pljur 

With doses of 500 mg or moi’e (using 15 mg .^1 ‘ gi-sisted 

day), Loesser (1938) noted a suppression of menstruation v '^served ann’"'''' 
six to ten iveeks after cessation of injections Foss (1938) a so o 



RUBINSTEIN USE Oi TE'>TOSTrRONE PROnONATE 


1029 


rhea foIlo^Miig the use of 100 mg dail^ It appeals tJiat jn spite of the fact 
that these authois noted no nntonaid eftttts following then laige dosage, 
smallei amounts aie moie plnsiologu suRe menses aie inoie nounallj estab 
fished aucl maintained 

The cause of amenoirtiea following iiiuctioiis of laige doses of tcstosteione 
ispiobablj inhibition of the pitnitaii ghind with a suppiession of output of 
pihutan gonadotiopiL substance*® 

CO\CI I MON 

The lationale of the use of tostosteioin jnojuonate ni the tieatment of fiinc 
tjonal uterine bleeding and functional disiiKnoiilu i is eonsideied It is felt 
that, due to its close clienin.al lelationship to pnvesterone testosteioiie pio 
pionate inhibits follieulai matuiation and ovulition and localh leads to lelaxa 
hon of the m^omctlnlm In addition in mu 1 n,-< h)S(S it inhibits the gonado 
tropic secietioiis of the anteiioi pituitan ghn I 

Estrogenic coneentiation is, thciefoio dinnnished This favois uteiine 
lelaxation and checks the continuation of th inttr\al cndometiium, thus altei 
mg the two common immediate causes of c\oosm\< p nn and bleeding 
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BXPEEIENCE with EINC insulin CEYSTALS’ 


Charles M. Levin, M.D., ELirER A. Klkepielp, M.D., a.nd 
Prank A. Luciano, 3LD., Lvmaica, N. Y. 


Y’HE advent of protamine zine insulin was a distinct advance in (lie to 
men o la etes mellitiis. The diabetic -who required iiisiiiii] became moi 
or unate. is insulin administration was reduced to one injection per day, an 
the total amount of insulin required was often less than that of sfancianl iiisiilii 
n instaiiees the load intake, particularity carhoJiydrate, coitM he hiemse 
a ove e pievious allowance, and a certain amount of variation in tlio fctdin: 

ime sc iedule was permissible. On the whole, tJie outlook for the diabetic 
a happier one. 


ouevei, with the continued use of protamine zinc insulin in medium am 
se\eie^ iabetie patients, disturbing problems arose in the control of many o! 

m.se individuals. Situations similar to those met by Ealli’ and others ivere cn 
countered. Commonly, of course, protamine zinc insulin when given alone diii 
^10 a uajs control early and forenoon hyperglycemia and glycosuria. On lli« 
ot ei hand, the failure of a given supplement of standard insulin to eontm! 
a equately and consistently the blood sugar fluctuations during this period w 
ho laie. Some patients varied in their regulation from clay to day to such 
an extent that some authorities wondered whether or not hyperglycmio and 
E, } cosuz la were of any importance under these circumstances. We are in sccoi 
ui 1 vepler- who states; "Nevertheless simply because we cannot ahva.'s 
ae lei e a sugar free mine with the use of protamine zinc insulin, we as piiysicians 
are not justified in abandoning our former position that consistently sugar free 
non' in the treatment of diabetes.” Wilder’ also has sm- 
le degree of glycosuria under these circumstances may be harmless but uuti 
we lare proof of its harmlessiiess we must insist on its control.'' 

In the second place qualitative and quantitative rearrangemonfs in the did 
in 01 del to meet the eliallenge of vmiying blood sugar levels became hards np^ 
to many individuals cvhose eating habits and working hours made such cIuiUe*-' 
uncomfortable or inconvenient. For many juvenile diabetics tlie late ccenin- 
feedings recommended ■were sometimes difficult problems. Discussing inn 
t} pes of dietary formulas for diabetics on protamine zinc insulin, iide^ 

These procedures undoubtedly are useful in tricky cases. I object to f 
routine management because of the inconvenience tlioy cause the patien ■ 
far as possible we should strive to interfere as little as necessary with cusio®' . 
habits of eating. ...” 


Metabolic anti Nutrition Division. Department of Medicine. 

Beceived for publication, November 28, 1338. 

„ , T*'® solution of zinc insulin ervstni. nserl in tliis study was 

rederlck Stearns & Co., of Detroit. This material was formerly known ns 
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Lastlj , m those diabetics whose mines weie kept consistentlj sugar free the 
pioblem of night hjpoghcemia often aiose Even an intelligent experienced 
diabetic has difficultw in combating piotamiiic insulin leactions of notoriouslj 
insidious onset and piolonged In pogh comic effect 

Since protamine zme insulin did not solve all the pioblems encounteied 
111 the use of standaid insulin, it was often felt that an insulin whose action 
Mas intei mediate between these two miglit make our aimameiitaiium for ti eating 
the diabetic moie complete 

Ci 3 stalline insulin, fiist isolated bj Abel of Johns Hopkins, was prepared 
for the fiist time in 1935 in amounts laigc enough foi clinical investigation bj 
Melville Sajhun of the Stearns Laboiatoiies In 1936 Fieiind and Adlei® demon 
stiatcd that crvstalline insulin had an onset of action more rapid than that of 
piotamme insulin but was effective two oi three times longei than standard in- 
sulin The numbei of injections and units lequiied were often less than foi 
standard insulin klains and lIclHullen* and Altshulei and Leiser" came to 
similai conclusions "Wilder^ also lepoited the action of crystalline insulin to be 
mteimediate to the othei two insulins Bara< h ® finding this insulin to be an im 
provement ovoi standard msuhn in 12 out ot 21 oases, noted that leaetions oc- 
curred onlj one fourth as frequonth as with standard insulin 

AVhj the cijstallmc insulin has a prolonged action has not j et been definitely 
deteimined Experiments liavc sJiown that the amount of zme in the cijstallmo 
insulin solution is not a factoi ° Savhun^® believes that tlie relative insolubility 
of the crystals at the tissue pH is lesponsible 

In Tebriiarj , 1938, we began to observe the action of crystalline insulin, now 
Iniovvn as solution of zinc insulin cijstals, in diabetic patients For certain 
difficult cases, an insulin which would picvcnt extreme and rapid oscillations 
between hyqiGiglycemia and Jiv-poglycemia, oi winch would not permit prolonged 
hypeiglyeemia followed by prolonged In pogly cemia, might piove useful Eedue 
tion in the numbei of doses of insulin below the customary number of standard 
insulin injections or reduction m the total dailv amount of insulin needed were 
only secondaiy considei atioiis Priinaiilv, we were interested in finding some 
thing which would keep the diabetic patients blood sugar within physiologic 
ranges thioughout the entiie day 

Uncomplicated hospitalized diabetics ranging in age fiom 12 to 60 years, 
were chosen Oldci patients were not selected because they usually have mild 
Oiahetes, take little insulin, and the question of fluctuations is not a piominent 
factoi 

As a pieliminarv study, we compaied the actions of standaid insulin, pro 
timine zme insulin, and zinc insulin crystals icspectively, in three apparently 
normal indiv iduals These subjects were each gn en diets of 250 gm carl^hy- 
diates, SO gm protein, and 130 gm fat, divided into three equal meals Each 
mdividuaUs twenty fom houi blood sngai ciuve was first estimated on diet alone 
AVe tlieii gave single closes of 10 units of standard insulin, zinc insulin crystals, 
and piotamme zme insulin, lespectivelv , for one day each Four days were a 
lowed to elapse between each senes of blood sugar determinations m order to 
obu.ite am possible eftcct of the previous dose ot insulin In all three subjects 
It nas eiKlent as aheaclj established that the inaxinunn effect ot standard nisnlm 
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Fig. 1. — On one dose of standard insulin sharp effect of insulin a 
at 5 :30 P.Ji. On same dose of zinc insulin ctTStals, tendency to follow 
standard insulin. However, only slight peak at 5:30 r.M., with generaii 
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Fig. 2. — With two doses of standard insulin, fluctuations evid* 
insulin crj-stals with reduction of total dosage by ten units, an 
prandial fall instead of rise at 1 p.m. -with zinc insulin ciystals. ?- .. 
otherwise follows standard curve. 
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«as four liouib m leiigt)], tliat ot piot<imun auc insulin toi twuitj foui oi nioie 
hours, and that of /me msiilm ci^btak loi iouiteeii lioiiis 

In diabetic patients, we feel that is Smdoiii” lias cmphasi/ed, the fie 
queiitli sli.iip and iiigli postpiaiidial lists aii, impoitaiit A test of the zinc m 
siiliii cijst.ils would be whetliei oi not tlitse paiticiilar oscillations weie affected 
In addition the iiiteiial between 7 at iiight and 7 in the nioi 111111 ; should leceiie 
nioie coiisideiation Unless blood siigais ait dtteimmcd with reasonable fre 
qiienej, this peiiod inai be deceptnc 1 m these itasons the senes of blood 
siigai-s detcinimed on each patient iiicliidtd s iniiiks one and one half horns aftei 
meals and seieial dcteiminations tliioiighoiit the night Blood foi siigai de 
teimniatioii bi the modified Folin micionitthod was taken at 7 8 30 10, and 
11 30 V II and 1, 3, 5 30, 8 30, and 11 30 p 11 and at 3 and 7 0 t lock the succeed 
mg moining These samples wcie all taken In two o1 ns ind all eoioiimetric 
defeiminations weie made In one of us 
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Unv t — Hegulatlon with standard insulin poor One 1 e of ^oUi int zinc ‘hihlm esu 

of standard did not improve the blood x c On Uso d of zme 
fl?®^®^9„equl\alcnt to the standard insulin a pli>siologit bl ol tur e it' ’-Ite l 

entlrelj normal on this regulation for the first time in h expeu nt.e x%itl insulin 


Because of hospital routine, the diets wtie sei\ed at 7 la a m , 11 i m , and 4 
ha\mg been duided into three equal meals unless piotaiuinc ainc luisulin ^^a‘5 
used In such jnstanccs the caihoh}dtatc v.ab dnided as follows one 
foi breakfast, one third eacli for lunch and sui)pei, and one sixth at about 
8 30 p 51 

In manj patients blood sugar cui\es uerc lepeatcd ^^lthout changing the 
b-pe or dose of insulin in order to rule out the question of tunc iindei tieatment 
a factor in impio\ed ciir\es Patients sho^\mg \aiiable blood sugai ciu\es 
fixed doses of insulin Mere excluded from this stud\ In all, a total of 1,SG6 
^^ood sugar deteiminations nere performed Figs 1 to 8 arc examples of \arious 
'’methods used fo establish best regulation 
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Fig. 8. — Poor control with three doses of standard insulin “hd equivalent 
insulin crystals. On one dose of protamine zinc insulin equal to the total or in ,g (qUo^v,? 
other, very good control witli relatively good blood curve. Note how crystal protamine 

standard insulin curve. This is the only patient in our series in uhom one ao 
zinc insulin alone produced relatively good control. 


ANALYSIS OP RESULTS 

The total number of patients in this series was 35. This 
diabetics whose blood sugar curves were unstable on fixed doses of msii m 


various reasons.*' 

Total number of patients in whom Sit and ZlCt were 
compared 

Effect of ZIC equal to or better than SI in 
ZIC better than SI in 

ZIC better than SI in equal amount and number of in- 
jections in 

Better control on ZIC with amount reduced and injec- 
tions reduced from three to two in 
Better control on ZIC with amount reduced and injec- 
tions reduced from two to one in 
Better control on ZIC witli amount unchanged but injec- 
tions reduced from two to one in 
SI equal to ZIC in 

Number of patients who received PZI,t ZIC and SI 
separately, as well as combinations of PZI plus 
ZIC and PZI plus SI 
Best control on ZIC alone 
Best control on PZI alone 
Best control on PZI plus ZIC 


10 

6 
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23 


35 

35 


12 


16 


12 

If 
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COMMENT 


In a study of the action of zinc insulin crystals on 35 jias 

plicated diabetic patients we found, as already shown, that crysta me ms ^ 

•The lowest dose of Insulin to any case was 25 units per day. The ^ pZI Rf 

tAbbreviations : SI for standard insulin, ZIC for zinc insulin cry 
protamine zinc insulin. dilated at all on cltner 

fCuriously enough, this patient, a male aged 17, could not be regu 
zinc insulin crystals or standard insulin. 
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a duration of action intermediate betn clu that of standai d insulin and protamine 
zinc irsiilm This action nns effectiic in most instances from eight to sivteen 
hours 

In nearh all patients the amplitude ot hlood sugar fluctuations ohsened 
ivith standard insulin regulation nas dccicascd uhen cnstalline insulin nas 
substituted This nas most noticeable in those patients ulio presented rerj 
marked fluctuations 

In all patients substitution of an equal amount of zinc insulin crystals for 
standard insulin produced impioieiiient iii the blood siigai graphs "Wlien the 
dose of zinc insulin cijstals uas icdiiecd, some patients still leiealed some loiiei 
ing of the blood siigai cui\e In no case did standaid insulin produce a moie 
satisfactori result than did zinc iiisiiliii eiistals 

Most of the patients loluntaiili stated tint they felt much bettei on zinc 
insulin crjstals than on standaid insiilin We beliese that this is due to the 
sharper fluctuations produced bj standaid insulin Patients with hlood sugar 
levels of 50 mg laielj showed iiiitowaid simptoms when zinc insulin cristals 
were used, wheieas there was definite shoiK when the sanu leiel was produced 
bi standaid insulin 

IVheie it was necessati to supplement pro! inline zric insulin substitution 
of zme insulin cijstals for the standard in-ubn supp ement usiallv pioduced 
a definite improieniont in the blood sugar line i>,=uring the patient of a 
more stable regulation 

CONCLUSION 

Solution of zinc insulin cijstals is a \alinble adpiiut to the tieatment of 
diabetes mellitus Its action is much moie iiioluigtd ana steadier t an tia o 
standard insulin, but is sliortei in duration than th il or piotamine zme insulin 
It conveuientlj assumes the lole of an mteimaliiic between the lattci two In 
legulation it docs what standaid insulin does but anpncntlj produces a less 
fliictinnt tj-pe of blood sugar curie As nt wc hue not familnrized oui 
sehes with its action in diabetics with acidosis and so cannot comment on the 
efficiency o£ zinc insulin crystals in such situations 
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CHANGES IN SPLEEN SIZE, BLOOD PRESSURE, AND EEYTHROCYTE 
COUNT AFTER THE ADMINISTRATION OP BENZEDEINE 
SULFATE (PHENTYL-1, AMINO-2 PROPANE 
SULFATE) IN DOGS''' 


J. L. PiNICSTOX, B.A., AXD J. 0. PIXKSTOX, Ph.D. 
Beirut, Lebaxox 


T he response of the spleen to certain of the sj'mpathomimetie amines lias 
been observed by many investigators. Contraction of the spleen in re^onsc 
to epinephrine has been demonstrated by Hoskins and Gunning,^ Tourna e an 
Chabrol, = Bareroft," and others. Izqnierdo and Cannon^ carried out a study 
on emotional polycythemia ; they consider that splenic contraction may e 
responsible for an increase of up to about 20 per cent in the number of encu a 
ing erythrocytes, and that other factors enter into any greater increase. 

The response of the spleen of the dog to ephedrine was briefly stu le m 
1930 by Slarcou and Bareroft (see Bai’crofU). They observed mar 'e era ra ^ 
tion, which passed off gradually during a period of about two hours, aus, 
using the technique devised by Barci’oft and Stephens,® also showe , 

of the exteriorized spleen in response to ephedrine in dogs. Simpson a 
Cadness" found the increase in erythrocyte, leucocyte, and platelet conn s 
response to ephedrine essentially the same before and after splenectomy m 
guinea pig, and they conclude; “The spleen is therefore not response o 

these changes in this animal. ” w * f ben- 

Detrick, MiUikan, Modern and Thienes,® in a study of the e ecs o 
zedinne (amphetamine) on isolated smooth muscles, state in theii ' H 

“In high concentrations (10'* or higher) benzedrine caused contractions 

smooth muscles. ’ ’ _ , of 

In a study of the fimctional and tissue changes following arge 
benzedrine sulfate (amphetamine sulfate) in the albino rat, Ehric an 
bhaai’® found at autopsy that animals which died after having up,,. 

400 mg. of the drug showed contraction of the spleen ; they attri ute 
traction to the action of the benzedrine. These authors also oun 
general an erj-throcytosis occurred following benzedrine administra 
Myerson, Loman, and Dameshek^® say concerning ceitain 
benzedrine in man : “Its effects on the blood cellular constituents aie 
due to vasoconstriction of the spleen and other reservoirs of i oo 
in an increased number of cells in the peripheral blood. ’ ^ i]y]ar con- 
CampbelT^ found no demonsti-able permanent alteration of tie 
stituents or hemoglobin of the blood in human beings follouing le 


tion of benzedrine in dosage within the clinical range. 


•From the Department of Pha^acology, F%nth 


the — 

Beirut Beirut, Lebanon. Aided by a 
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The present experiments wvio iinriertakeii ni onlti To nivestijrate more 
fully the response of the spleen to the iJitra\enoiis a«hjjini'>tration of benze- 
drine, and, in particular, to seek an\ < orndatioii betv sp)<'ine response and 
ciythroc\tosis oecurrinjr under the i ireuinstanees 

Since the spleen of the dojr contains ‘•iifiioient smooth nni^de to show '\lsible 
changes in size when contraction oe<uis photoL'iaphs tak<n at stated intervals 
uere used to record these changes Thr position and adiustmtnt of the camera 
remained constant throughout each expfiinuut This method of rccordini: has 
olnioiLs limitations, but serves toshou *rro->s alU rations in sizf 

The experiments fall into two general gioups one in v.lurh we ha\e ‘•oucht 
to discover the possible correlation betu< en ( hang* s in blood pressure and changes 
in spleen .size, and another in uhieh ain fon<lafio!j bMntfn rhanges in spleen 
size and erythrocyte count ha.s been sought 


I. Rf>5l’O.N>f-S OF THK .M*Lrf \ I'M/OD RF 


Methodi. — A series of healtln male ai d 'inah dous wa*. U'-cd. the average 
Height of dog being about 9 kg They an< "♦hf ti/ed in ^espectI^e ca«*cs 
uith ether and cliloralosc, dial,* and ncnr»b Ua) f' 'poT-st-s v.crc essentially 
the same irrespective of the anc-stlielic us<d Ik I '*< j»- laluic Has mamtamed 
Hithin the normal range by means of a In * nv "id aid 'hecKid b^ a rectal 
thermometer kept in place throughout ca< ■ t * m.’ Tiie snben ^^as de- 

Ihered through a left lateral incision uu - 'i f’' i ndiing hs possible, and 
then surrounded by touels kept moist with m t h 'al.nc The splenic 

blood supply uas carefully left unmipcd*'' ui 1 *. 'itjuii uas exposed only 
nhile being photographed. Very little blojd . s I -i' d tirg t^e opfrati\e pro- 
cedures. Blood pressure was recorded tio' i t * *< ‘,u>i ait-M by Tueans of an 
ordinarj' mercur}’ manometer. In all cas< ' Mi iI))<«'uom oi benzedrine con- 
sisted of 1 mg. per kg., a dosage chosen aii* i nil '<ri rm bdM^> ot its effcctne- 
nc-ss and nontoxicity in the acute proredun 
Procedure.s of three Utigs were earned t 


(a) E.\periments (13) in uhieh a first inpMion oJ bfn/edrmc nas gnen 
immediately after exposure of the spleen, and ioIIoh^I Hithin one to tv.o houz-s 
by a .second injection. 

(b) Experiments (5) in uhicli a single inje< tioo A\as gi a n iramcdiateb after 
exposure, and the effects followed for six to eight hours 

(c) Experiments (7) in uhich the spleen uas e.xposrd as described for six 
to eight hours, and an injection of the drug given only after this period of ex- 
posure. 


fttiiiH!.— (a) The first injection nas follow cJ within a few seconds by a rise 
in Mood pressure of from 21 to 91 per rent (average, 48 per cent), which reache 
if. hei-ht within about one and one-half minutes, and had returned to approM- 
niately its initial level within a maximum of fifteen inimites Contrac ion o 
‘iic spleen began while the pressor response was still fairly marked, and reach 
n maximum withiu about thirty minutes, loiiK pnst the time when the pressor 
response had subsided. The second injcftion, pncii within one to wo 


•Supplied by the Ciba Laboratories. L>on. Franc** 
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(before there ^Yas perceptible relaxation of the spleen), was followecl ivithina 
few minutes by a visibly greater contraction (Fig. 1, B and C). In a feiv 
cases there was a slight rise in blood pressure following the second injeebon, but 
the majority of eases showed either no change or a moderate fall of the blood 
pressure, which then gradually returned to the original level. This alteration 
in the blood pressure response to successive injections of benzedrine in the same 
animal has been observed by Tainter,” Detriek, jMillikan, Modern, and Thienes,* 
and others. 

The blood pressure level immediately before injection varied from 90 to ISO, 
without appreciably affecting the nature or degree of response to the drug. 

(b) Following a single injection immediately after exposure, the splenic con- 
traction was observed to persist with but slight gradual relaxation for up to six 
hours (Pig. 2). The blood pre.ssure response was as in (a). 

(e) In the spleen exposed for six hours, slight gradual contraction occurred 
(Fig. 3, A, B, and C) without significant change in the blood pressure level 
during that period.* At the end of six lioiirs’ exposure, an injection was fol- 
lowed within a few minutes by visible contraction (Fig. 3, D) and a pressor 
response of the type described in (a). 


II. RESPONSES OF THE SPLEEN AND THE ERYTHROCYTE COUNT 


Methods . — A second, similar group of dogs was used. Dial anesthesia was 
employed throughout, and a single intravenous injection of warm physiologic 
saline was given soon after anesthetization. The amount, 25 to 75 c.c., was de- 
termined by the size of the animal, and at least twenty minutes was allowed to 
elapse before beginning blood counts. 

Erythroejde counts were made on venous blood at recorded intenals^ 
Samples were obtained from alternate leg veins by means of a perfectly rj 
c.c. syringe and a 25 gauge needle ; care was taken that the limbs were waim 
and not constricted. About 0.5 c.c. of blood was withdrawn, placed on a 
paraffin-covered watch glass, and immediately taken up into a Trenner pipet o 
for dilution with Hayem’s fluid. Counts were made from a Neubauer ® 
with a standardized cover slip ; the same pipette and chamber were used ^ 
out the series, and conditions and technique kept as uniform as possi e. 
sufficient number of counts was done in each ease to clieck closely on tee mic 
accuracy. , , 

In the cases indicated, the spleen was removed, and the abdomen was c os 
after complete hemostasis bad been achieved. 

Changes in spleen size xvere recorded as in I, but blood pressuze was 
recorded. Bach injection of benzedrine consisted of 1 mg. per kg. 

Procedures of three tjqies were employed : 

(a) Experiments (10) in which a series of counts were carried 
anesthetized animal, and the spleen then exposed as described. Aftei a 
group of counts, the benzedrine was administered, and the erythrocj e 


followed for at least one hour thereafter. 

♦That the exposed spleen will shrink somewhat, and that 
return to quite Its original size while exposed, is to be expected, as nas 
Barcroft and his co-workers. 
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(b) I!\peiimeii(s (B) m mIiicIi (Ik same pioctdiUL ii is (auied out, e\ccpt 

that the spleen mbs lemoiccl latliei than simph exposed * 

(c) E\peiimeuts (fi) in niiich tin .ulitnak ncic umoved* m a pieliinniaij 
acute opeiation, and n tiioii)) of counts «eie then taUii Attei istabhsliment of 
the ei.ttliiocifc Icicl, benzedimo uas admmisttud and tin lount lolloned as in 
(,t) and (b) 



1 


I 

! 


rig- I — Changes of spleen size in the Uog sftei ti exposure^ ^f the spleen 

■loses of 1 mg per kg of benzedrine one gUcn xMtIiln t.n mures aiiir expos 
the second nithin one hour after the first of x single 

fig 2 — Changes of spleen size in the dog xftci O'o re* the syl tn 

1 tng per kg dose of henzedrine nlthhi ten namilts nit.i >spnBtnt of the y 
„ Pig 3 -a, ft, and C Changes of spleen size In the '■Js jlhnng jx ours of^ 
rojure D Change following X single dose of 1 mg pei Ig ft benzemree sreta 
of exposure 


I «csid(s— (a) The cijtluocttt letcl niii established bj means of tluec oi 

moie counts befoie the admmistiation of benzedrine m each ease Folloumg the 
I uijeetion, tlioie occnuetl a use of fioin 2 to 29 pci cent nitluii tweii j o 

I seveulj mimites, nitli an aveiagc use of 16 pel cent nithm an aterage time o 

"•■rtj SIN mmutes The extiome figuies ot a 2 pei cent use m sotentj minutes 
"cie obtained in a single e\peiimeiit (b/23/3S, Tig 5) , the ne\t ouest use nas 
I ** pei cent, and the next longest time foit\ fiie jnnintes 


(11/2/38) Fife 7 the 
clrcutatlon experiment in oi<Jer to he 


iiliennH were tied off 
certain that tl\c adrenoi 


Autops> was tlone nt the con* 
<i had been excluded from the 
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Fig:. 4 — Changes of spleen size and erythrocj-te count in the dog after 

and subsequent intravenous adniinistialion of 1 mg. per kg. of benzeunne. 
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Pig. 5. — Changes of erythrocyte- count in 9 dogs after Abscissae 

sequent intravenous injection of 1 mg. per kg. of benzedrine (dotted nny^^j^ million 
value not the same in every' case), time in hours; ordinates, erjiniut-. 
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^oimt Jn G «logv aftei rcmo%al of the spleen and subsequent 
benzedrine (doited hne) Abscissae (scale ^alue not 
me same in e\cr\ case), time in hours oidinates crjtbiocjte count in millions 
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posure of th ^b'^^S'es of enthrocjtc count In 6 dogs ifter lemoxal of the adrenals with ex- 
I'ne) Ahcr spleen and subsequent intravenous injection of 1 mg per kg of benzedrine (dotted 
count in m (scale value not the same in eveij case) time m hours ordinates erjthrocjte 


A Upical expel iment oi this t\pc is illustiated in Fi" 4, and the lemamder 
ot the gioiip IS lepiesented jiiaphicalh in Fig 5 

(^>)In tliose animals tliat iiiidei\\ent splenectomy, benzednne admmistra- 
hon wtis folloiied in some cases bj an immediate, slight fall and then a ^ery 
f?i‘Ulual, model ate use ot the blood count In other cases, this rise occurred 
\\ithout the pieliminaij fail In no case did the rise of red blood cell 
Pouiit exceed 7 pei cent m the peiiod of fiom sixty to one bundled and eighty 
Minutes duimg ^\hlch the counts were followed after injection A single case 
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shoAved a fall of 5 per cent Avitliin seventy minutes, and the count remained at 
2 per cent beloAV the initial level at the end of ninety minutes, when counts were 
discontinued. 

This group is represented graphically in Fig. 6. 

(e) In those eases in Avhich the adrenals were removed (or tied off, as in 
one case), rises in erythrocyte counts were observed following the administra- 
tion of benzedrine. The results Avere so variable, ranging from 2 to 55 per cent 
change Avithin ten to sixty minutes (Pig. 7), that no exact eonehision concern- 
ing the role of the adrenals can be reached from this short series. It is clear, 
hoAvever, that the erythroejdosis observed after administration of benzedrine 
occurs in the adrenalectomized animal. 

DISCUSSION AND CONCLUSIONS 

The role of the spleen in the occurrence of erythrocytosis in dogs and cats 
folloAA'ing the administration of certain of the s 3 ’mpathomimetic amines and 
after sympathetic stimulation has been aa’cII established by inAmstigators previ- 
ousl}’’ cited in this paper. In the present experiments, benzedrine sulfate Avas 
consistently found to cause contraction of the spleen, accompanied by promptly 
occurring ei'ythroeytosis, after intravenous administration of 1 mg. per kg. in the 
dog. This erythrocydosis Avas likeAvise observed along AA’ith splenic contraction 
in adrenalectomized dogs, but did not occur in spleneetomized dogs liaving in- 
tact adrenals. 

These results, along Avith the extensiA'e investigations of other Avorkers, in- 
dicate that the spleen is the principal factor responsible for prompt and signif- 
icant increases in the red blood cell count in the dog. 

SUJIMARY' 

1. In anesthetized dogs having the spleen exposed acutely, prolonged con 
traction of the spleen and a definite, transitory rise of blood pressure 
served folloAAung the intraA'cnoiis administration of 1 mg. per kg. of benze im 
A second injection of 1 mg. per kg. in the same animal Avas folIoAA’cd by ur ^e 
splenic contraction, but blood pressure shoAved either no change oi a s ic , 
transitorj’' fall (13 experiments). 

2. In anesthetized dogs having the spleen exposed aciitelj, 

the spleen folloAAung the intraA-enous administration of 1 mg. per vg. 
zedrine Aims observed to be accompanied bj’ a rapidl.y occurring eiy 
of significant degree (10 experiments). , 

3. In anesthetized dogs having the spleen exposed and the adienals 
acutely, responses of the spleen and the erythrocyte count 
administration AA'ere essentialty the same as in 1 and 2 (6 expeiimen 

4. In anesthetized dogs havung the spleen removed acutely, and 
intact, no significant erythrocjdosis occurred folloAving the a minis 
benzedrine, except after a period of at least an hour, and pio la ) } 
response to the action of this drug (6 experiments). 
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CHYLOTIIORAX AND CHYLOUS ASCITES’* 


Report oi \ Casf With Lipid Anvlasis 


GroRGF T Harrell, i\r D , D v J£ Street, M D , v\d 
Raamoxd Reiser, Ph D , Durhvm N C 


T he accumulation of chylous fluid in the serous ca\ities of the body is an 
C'Ciit of lelatutli laie occuiicrice Baueisfeld^ noted 49 cases of tiaumatic 
t-hylothora\ lepoited iii tlie liteiatiire Yatei” found less than 100 cases of non 
traumatic chylothoiax, and only 3 of cliylopencaidiura Chylous ascites may ac- 
company chylothora\, oi it may occur alone The commonei causes of chylous 
effusion are trauma, in\asion, compiession, or occlusion of the thoracic duct 
a malignant tumoi oi feiicemia, thiombosis of the great i eins at the e^it of the 
duct, or infection, usually tubeiculous, A\ith obstruction of the duet and smallei 
^impbatics 

Lee^ has experimentally shown that clnlous fluid rarely forms from occlusion 
of the d uct alone The extent of the Ivniphatic supply , the patency of collaterals, 
th€: Departments of Medicme 'ind Pathologj DuLe Uniiersltj School of MedfeJne 
Receued for publication December 30 1138 
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the level and completeness of the obstruction are other factors. Attempts have 
been made to classify the fluids as chylous, ehyliform, or pseudochylous by their 
appearance and fat content.® These groups are not distinct, for the appearance 
and composition are dependent on the size of the fat particles, the relative pro- 
portion of lymph and chyle, the cellular content, the diet, and the lipid partition. 
Lactescent fluids are also said to occur from degeneration of the cells in e-xiulaies 
and from dispersion of such substances as “glycoprotcid” or lecithin-globulin 
complex. 

The reports in the earlier literature of the chemical composition of these 
fluids have been reviewed by Gandin.® Since the introduction of more modern 
and accurate methods of fat analysis, determinations on human material have 
been rare. Robinson and his co-worlcers'"’ have analyzed fluids experimentally 
produced in cats and dogs. Since none of the previous reports liave compared 
the fluid in the various cavities, it was thought the studies upon the following 
case warranted recording. 


CASE REPORT 

A 49-Tear-otd white tenant farmer was first admitted January 31, 1937, complaining of 
the loss of 45 pounds in weight in the preceding three months. For five years the patient had 
noted some burning in tlie epigastrium with fullness after meals. For three months he had 
been vomiting shortly after meals once or twice daily. Ho had taken little by mouth for six 
days. 

On admission the temperature was 36.5° C., pulse 100, respirations 20, and blood 
pressure 133/S5. The patient was weak, chronically ill, and showed evidence of weight los«. 
A smooth, firm, nontender mass was present in the epigastrium, and extended 4 cm. below 
the xiphoid process. The remainder of the physical examination revealed no abnormal findings. 
IVassermann and Kahn tests were negative. The blood sugar on admission was S80 mg. 
per cent; chlorides, 320 mg. per cent; carbon dioxide combining power, 90 volumes pet cent; 
nonprotein nitrogen, 125 mg. per cent; cholesterol, 12S mg. per cent. Stools were negative 
for occult blood. X-rars of the gastrointestinal tract showed only a high hypertonic stoninc i 
with thickened rugae. 

After an afebrile course of nineteen days on a diabetic regime, lie was discharged sj p 
tom free. During the next two months his insulin requirement steadily reduced. 

He was re-admitted on April 24, 1937, three months after his first admission, 
of an upper respiratory infection of eighteen days’ duration, associated with abdomma 
and vomiting. Five days previously he had noticed a swelling in the left side o ^ 

At this time the temperature was 36.5° C., pulse 140, respirations 22, blood pres-urc ^ 
The positive physical findings were limited to small palpable lymph nodes in t le nK 
indefinite mass in. the region of the left sternocleidomastoid muscle, moist 
bases, and absent knee jerks. No mass was palpable in the epigastrium, an 
jaundice. pg 

The red blood cell count was 3,800,000, the white blood cells totaled 
cent polymorphonuclear leucocytes. The blood chemistry findings were wit »a of the 

Gastrointestinal x-rays demonstrated a triangular notch on the greater jjYpd 

stomach, and delay in emptying of the duodenum with the second and * chc.d 

and rigid. This was interpreted as extrinsic involvement by tumor. n a 
plates revealed prominent hOar shadows, but no fluid. Metastatic carcinoma 
microscopic sections of a lymph node removed from the neck. 

Fluid rapidly accumulated in both sides of the chest and in the and 

nodules appeared in the left side of the neck, with edema of the rig it pightccatb 

the left hand. The mucous membranes became cyanotic. He died quie y 
day in the hospital. 
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ANixs performed thntj nunutci. nftcr death Externally the cervical and 
left axillarj Ijniph nodes ^\ere enlarged Two and eight tenths liters of grajish jellow 
clijlous fluid, nith an odor resembling that of null, were removed from tlie peritoneal cavitj, 
and one liter of similar fluid from each of the pleural taMties Tlie pericardium contained 20 
cc of clear stran colored fluid The peritoneal surfaces were smooth glistening, and free, 
except for old fibrous adhesions between the gall bladder, duodenum, and transverse colon 
The IjTDphatics in the scro'a of the entire intestine were distended with chjie, resembling 
the lactoals of experimental animals fed on fat (Fig 1) 

The hilar Ijmph nodes ncrc greatlj enlarged, up to 1 cm in diameter, and contained 
pochets of cream} material, 3 mm m size which could be expressed from the sinuses A 
gray tumor nodule, lb} 0 5 cm in size, was found in a large vein of the posterior portion 
of the right lung No tumor nodules nere found in tin lung parcnch}ma or bronchi 



Fig 1 — Loop of small Intestine showing lacteals filled with ch>le 


The luer weighed 1940 gra , small, round, firm, wluto nodules 2 mm in size, were scat 
lored throughout No cirrhosis was present The bile ducts and portal vein at the lulum of the 
hier Were surrounded by a 2 cm mass of tumor tissue, but the ducts were not obstructed 
The pancreas, }ellowish brovn in color, weighed ICO gm and was densely embedded in 
fibrous tissue The head was enlarged, surrounded b} nodules of tumor tissue, and contained 
a single small nodule 3 cm in size The ^oft spleen weighed 150 gm , the splenic \ein con 
lamed tumor tissue The adrenals weighed 40 gm together the tissue was almost entirely 
replaced by tumor nodules of 1 cm size or le^s 


On tlie greater curvature of the stomach was an old ulcer, perforation of which had 
^een closed by adhesion between the stomach wall, the lower margin of the pancreas, and the 


posterior abdominal wall The walls of the second and third portions of the duodenum were 
lliiikcnca and surrountled bj dense fibrous tissue, tlio lumen uas narroued 

The thoracic duct was enlarged and patent to a point above the arch of the aorta, where 
•I was buried m a mass of supracIaMcular nodes, G cm in diameter No lymphatic collaterals, 
^gbt thoracic, or accessor} duets wore seen, though dye was injected into the thoracic duct 
0 thrombus was noted in the great veins of tlie neck or thorax 

Tn microscopic preparations of the ulcer in the stomach large, eosinophilic, vacuolated 
cells, With eccentrically placed nuclei, avere found at the edges, infiltrating the wall, suggest 
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ing the origin of tiie tumor from mucous cells. No glandular patterns or areas of colJoid 
were found. At numerous other places throughout the body, the tumor cells were anaplastic 
and mitoses were numerous. Dilated lymphatics, filled with eosinophilic material staimai- 
brightly with scharlach B and containing strands and sheets of tumor cells, were found in 
the mucosa of the duodenum and gall bladder, fibrous tissue septa of the pancreas, and otlict 
viscera. In lymph nodes, the tumor showed necrosis. The branches of the thoracic duct, which 
was multiple near its termination, were almost filled with tumor cells (Fig. 2). Although the 
primary site was probably in the stomach, the pancreas, gall bladder, and duodenum could not 
be definitely excluded. 

Analysis of Fluids . — The characteristics of the fluids aspirated are given in Table I. 
All were sterile on culture and contained small numbers of large oval cells, twice the Eire 
of IjTnphooytes, which ivere thought to be tumor cells. Fat droplets of varjing size and num- 
ber were stained by sudan III. 


Table I 


RIGHT PLEURA I.EFT PLEURA PEniTOXEUM 


Date 5/1/37 5/5/37 5/5/37 5/3/3S 

Quantity 450 c.c. : 130 c.c. 4 liters 

Character opalescent opalescent turbid creamy 

Color yellow greenish yellow chylous 

Specific gravity 1.016 1.022 

W.B.C. 125/mm3 430/mma 315/mm3 400/mm3 

E.B.C. 75/mm3 2S0/mm3 90/mra3 100/3 

Protein* 3.5 gm. % 4.0 gm. % 


•Bsbach tube method. 

The lipid analyses were done by a modification of the method previously reported bj 
one of us.3 The phospholipids were determined according to Boydo and the free cholestero 
on the acetone washings. The bound cholesterol digitonide was determined on the washings 
from the free cholesterol and the neutral fat fatty acids on the washings from the 
The results on fluid aspirated six to eight days before death are given in Table II- ® 
diet contained 120 gm. of fat daily. 


Table II 



BIGHT PLEURA 

LEFT PLEURA 

peritoneum 

Phospholipid 

Free cholesterol 

Cholesterol as esters 
Neutral fat fattj' acids 
Total lipid 

•mg. % 

50 

26 

39 

102 

217 

?ng. % 

73 

41 

54 

271 

439 

mg. % 
105 

48 

64 

604 

821 


COJIJIENT 

Leucemias and neoplasms are the most common etiologic agents 
traumatic chidous effusion. Of the malignancies, carcinoma of the s om^ 
the most frequent. Eobinson® shoived that ligation of the left 

alone could produce chylous effusions, though ligation of both the ijg 
thoracic ducts would not. No thrombus or obstruction tvas foun a 
in the present ease. The anastomatic collateral lymphatic^ ^”'^f/.\ifration 
IjTnphaticovenons connections, wdiich Lee'* described as developing a « ^ |gjger 
of the thoracic duct, prevent this accumulation of fluid. Thoug i 
collaterals -were not demonstrated, the main branches of .^-ere 

2), and many of the smaller Ijunpliatics (Fig. 3) in the cells- 

found permeated and partially obstructed by masses of degenera mg 
This is said to result in an elevated pressure in the lactea s, m 
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Flff 2— Thoracic duct near Us termination showing multiple channels tvlth masses of tumor 
cells and old thrombi in the lumlna (X25) 
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process was a progressive one is indicated by the finding at autopsy of franklv 
chylous fluid in both pleural cavities. 

SUMMARY 

A ease of bilateral chylothorax with chylous ascites as the result of olsfraf- 
tion to Ijnnphatics and the thoracic duct by carcinoma cells from a pviinaiy 
tumor of the stomach is reported. 

Lipid analyses on fluid removed during life with the patient on a controlled 
fat intake show increasing fat content, ehiefl^y in the neutral fat fatty acid 
fraction, in the riglit and left pleural and peritoneal cavities, respectively. 
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HYPERINSULINISIM DUB TO ADBNOJIA OF THE PANCREAS 


Report of a Case 


Robert G. jHurphy, M.D., Cecil C. Dustin, Sl.D., and 
Russel 0. Bowman, Ph.D., Prowdence, R. I. 


A CASE history of a man who suffered from hyperiusulhiism due to adei 

of the pancreas is presented. . . 

Seale Harris^ in 1924 first described the condition of liyperinsu 
to excessive secretion of insulin. This has been shown to have a giea 
of manifestations, such as low blood sugar, hunger, sweating, nervousness, 
ness, tremors, mental lapses, convulsions, delirium, and coma. 

Numerous cases of tumors of the pancreas associated with ^ 

hyperinsulinism have been reported. The first case proved patho jj 

described by Wilder, Allen, Power, and Robertson^ in 1927. It 
40-year-old physician who had attacks of unconsciousness with 
to a carcinoma of the pancreas. An extract of one of the ‘ of 

like insulin when injected into rabbits; this proved the tumoi ee s 
producing insulin. 


Received for publication, December 31. 1938. 
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In 1926 Waiien^ lepoited 4 eases and collected 16 others fiom the liteia 

tme 

Since ‘Waiien’s paper other reports of hjpeiirisitlmism ha\e appeared^ 
Tliese ha^c been associated \nth carcinoma of islet cells, adenoma of the pan 
creas, or In per plasm of the islet tissue Reports ha%e appeared in which there 
was hjiieifimction of a moiphologicalh normal pancreas, and a recent report 
ehims relief of the In pogh ecmia attacks after lemo^ al of a calcified tumor from 
the head of the pancreas® Relief of Inpoghcemic symptoms b} appropiiate 
smgical procoduies, including remo\al of fiimois and subtotal resection of the 
pancreas, has also been reported 


evSF REPORT 

J C , in Irish male, aged GO lears, was admitted to the Sledical Service of Rhode 
Wind Hospital after haiing been confused and disoriented for three hours For a period 
of so\en months pre\ious to admission, he had had similar attacl s about twice weekly 
On these occasions, usuallj just before the eioning meal the patient became delirious, 
crossed and uncrossed his legs, and wa\cd his arms about his head occasionally falling 
These attacks had been ascribed to alcoIioli«m, though an alcoholic breath was never noted 
There was no historr of loss of consciousness hunger pains weakness sweating, palpitation, 
precordial pain, or dyspnea It had not been noted that food rehe\ed attacl s He was 
said to ha\e been unusunlh irritable, and experienced occasional tremors which did not 
precede attacks At times his gait was ataxic 

Physical examination reicaled a well dei eloped and ncll nourished man lying in bed, 
confused and disoriented, but with no other complaint He ’c\as unable to recognize com 
luon objects and was reluctant to answer questions His temperature nas 98* F, his pulse 
rate was 6', and his respiratory rate was 20 There was enlargement of the heart to the 
left, a systolic murmur o^e^ the prccordium, loudest at the apex, and marked sclerosib of the 
radial arteries His blood prc««ure was 172 systolic and 95 di'i«tohc The knee jerks, biceps, 
and triceps tendon reflexes i\ere hyporaefne on the right and a doubtful Babm<5ki was obtained 
on the right Ophthalmoscopic examination of the optic fundi showed evidence of artorio 
sclerosis of the retinal arteries Tliere "as no evidence of increased intracranial pressure 

Blood taken the morning after admission when the patient was fasting showed 43 mg 
of glucose per dOO cc, blood urea nitrogen of 31 nig per 100 cc hemoglobin of 90 per cent 
(13 0 gm per 100 cc ), and white blood cell count of 7 550 Urine was slightly acid, had 
a specific gravity of 1 010, and was negative for sugar albumin and sediment An electro 
cardiogram was not significant Because of the low fasting blood sugar, the possibility of 
an islet cell tumor of the pancreas was considered Further work was done to confirm the 
diagnosis and to rule out other possible causes of a hypoglycemia 

A plienolsulfonphthalem test sliowed 55 per cent excretion m two hours after intra 
muscular injection of the dye Blood Massermann and Hinton tests were negative On subsc 
quent days the following findings, exclusive of blood sugars were obtained carbon dioxide 
combining power, 54 volumes per 100 cc of plasma, serum calcium 10 2 mg per 100 cc , 
serum inorganic phosphorus, 3 4 rag per 100 e c , total serum protein, C 0 gm per 100 c c , 
serum potassium, 19 5 mg per 100 cc , whole blood sodium chloride, S8S nig per 100 cc , 
'erum cholesterol, 110 mg per 100 cc, diastatic activity, 20 units (picric acid method), 
basal metabolic rate, minus 10 7 per cent X ray examination of the chest, examination of 
the gastrointestinal tract for duodenal deformitv, and of the skull witli special reference 
to the sella turcica, were all negative 

In Fig 1 are given the fasting blood sugar values obtained from the patient during 
bis stay in the hospital The Benedicts method, very nearly specific for glucose and mono 
"accharides of Id e reducing properties was used for blood sugar determinations The patient 
bad a blood sug'ir of 33 by tbe Benedict method, and of 43 by the Benedict Lewis picric acid 
method 
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Fig. 2. — Glucose tolerance blood sugar curves. 

• • A Average normal curve. 

□ □ B Patient on 6-19 after house diet. 

X X C Patient on 6-27 after high carbohjdrate aid- 
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Two sugar tolerance tests, nith an a\erage normal cur\e, are given m Fig 2 Curve B 
shows a maximum blood sugar respon‘'c of 13D mg per 100 c c , reaching a maxnnum later 
than normal and returning toward the fasting value onlj after two and one half hours Previ 
ous to this the patient had been on house diet There is evadence from curve B that storage 
of sugar as glycogen occurs slowly For three dajs previous to the «econd tolerance test, 
curve C, the patient liad been on a 200 gm carbohjdrate, 50 gm fat and 70 gm protein 
diet A marked change in the type of curve is noted The maximum value is less than half 
the former, and the return toward the fasting level is more prompt Although the final values 
of this curve are 22 and 21 mg per 100 cc, the patient had no sjTnptoms or physical signs 
of an impending attack The difference between curves C and B was probably due to tram 
ing of the sugar storing mechanism b) a high carbohydrate diet previous to curve C 

Hypermsulinism due to carcinoma, adenoma, or lijperplasia of the islet tissue of the 
pancreas was considered the probable diagnosis- Other causes for lij'poglj cemia, such as 
hypofunction of endocrine glands other than the pancreas (pituitarj, adrenal thyroid, gonads), 
liver dieea^e, muscular djstropliies, severe infections or prolonged starvation or fatigue, «eemed 
to be excluded by laboratorj testo, x raj data, and phj'sical examination 

An attempt was made to decrea'>e the response of the pancreas bv giving 10 units of 
regular insulin one lialf hour after each meal, and i diet of 120 gm carboliydrate, 80 gm 
protein, and 188 gm fat At 9 30 P v the tliirj dav of this regime the patient suddenly 
began to cross and uncross lug Ieg«, wave his arms and cry ‘ Stop stop!" He was con 
«cious but dieoriented and confused Fach attempt to ehcit a Babin^ki refiex stimulated the 
patient to greater activitj and appeared to increave the seventj of the attack He was given 
4 ounces of orange juice, and witlun fire minutes became oriented and le«s confu«cd, move 
ment of his extremities ceased and could not be elicited bv testing for the Babinski reflex 
At 10 45 psr another attack of los« «orerit} occurred but it was again controlled by giving 
orange juice 

The diet was changed to one of 200 gm carbohvdrate oO gm fat and 70 gm protein 
A few dajs later a deliberate attempt was made to precipitate an attack by with 
holding the patient’s breakfast At 11 00 am he Miowod marked tremors of the extremities, 
a fixed stare, profu«e sweating, and pallor He could not answer questions and became very 
restle«8, thrashed about m bed, and was restrained with difficult} A blood sugar taken at 
this time showed 2G mg per 100 c c Within three minutes after drinking 4 ounces of orange 
juice, the patient stopped thrashing about, answered que«tions said he felt fine, and did not 
remember what had just happened 

He was transferred to the Surgical Service for laparotomy and exploration of the 
pancreas He was given intravenous injection of 500 cc of phjsiologic saline and 100 c c of 
50 per cent glucose twice the day before operation and once just prior to operation 

Under gas oxj gen ether anesthesia a left upper rectus incision was made The gastro 
colic omentum was divided, the pancreas was exposed, and a small tumor was palpated in 
the head of the gland This tumor was shelled out bj blunt dissection 

Following the operation, the patient was given intravenous glucose and saline dailj 
His fasting blood sugars, as seen in Fig 3, ranged from 100 the morning of operation to 
as high as 190 three dajs later, with gradual decline thereafter 

Urine sugars taken fasting were 1+ to 4+ for three days, and then became negative 
Two dajg after operation his temperature rose to 1018* F, his pulse rate to 126, and his 
respiration rate to 30 Examination of his chest showed signs of a bilateral broncho 
pneumonia which was considered to bo a postoperative complication His condition became 
progressively worse, and he died on the seventh postoperative day During the post 
operative course there were no sjouptoms or signs of lij'pogljcemia at any time Perrai<s3ion 
^or autopsy could not be obtained 

We are indebted to Dr B Earl Clarke, pathologist, for the photomicrograph (Fig 3) 
^nd for the following report of the tumor removed at operation 

“Grosi Description The specimen consists of a rather spherical tumor mass which 
"'easures approximatelj 1 cm in diameter Part of its external -surface is smooth and shinj 
though it had been shelled from a capsule However, elsewhere there are tags of tissue 
Suggesting that it was adherent The cut surface is rather grayish 



1054 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


“ if icroscopical Description: Theie is an i 

are scattered small areas of epithelial tissue nhieli v-irr ' i H^ough 

ducts. There are also bits of glandular ZZ ml There am .e.erah.ai, 

pancreas. There are, in addition, relatively large areas made nplTnf secretorj part of tl? 
Close apposition to capillary blood vessels. These closely r;sembVno™:rXS;' ” 

Diagnosis: Adenoma of the pancreas.” 



P'^ocreatic tissue (beUmo ' a tumor (above! separated from d'® 

®!?d the variation of enithefmi Lij i ^ distinct flbrous capsule. Note the abundant sto®’ 
preparation. tnelia) histologj- as described in the text. Hematox>lm and rosin 


fi ^11 PGPinsulinism due to adenoma of the pancreas is presented wid' 

] ion of hj poglyeemic attacks and of the tumor removed by operation. 
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THE PHOTOCOLOEIMETKIG DETERMINATION OF VITAMIN A AND 
CAROTENE IN HLMAN PLASMA* 


ILlRIlN STiRK luMBLr, Ph D , jVLlDISO\, Wis 


'T'HE chief difficult! that has stood m the way of aceiuate quantitation of 
the Can-Price leaction foi deteimination of \itainin A is the !erj tiansitorj 
character of the blue coloi that is pioduccd This comes to its height and begins 
to fade ivithin a feiv seconds, and wliile the fading can apparentlj be someiihat 
retarded bi a number of sciupulous precautions in the repurifieation and han 
dhng of the reagents, the neccssitj of then application so complicates the proce 
dure as to restrict its praeticabilitj 

It is possible iMth the use of the Exelin pliotoelectric colorimetei' to earr 3 
out the eoloi producing leaetion iiitb the cell m tlie leading position, and bj 
ivatehmg the suing of the gahanometer, to follou the eianescent color to its 
definite point of ma\imum In a iccent communication^ Dann and Eiehn have 
desciibcd the use of this instiumciit in a method of precision for the assav of 
vitamin A in oils Dr Charles Mav’f has developed a modification of the 
method foi the deteimination of vitamin A in serum using the vncio unit of the 
coloiimotei,* which is desirable if verj small quantities of blood must be used 
Because of the advantages affoided bv the macio unit in conTcnienee, speed, and 
aceuraev of operation, it was felt that a moie direct adaptation of the technique 
of Dann and Eveljn to blood analvsis would be justified and would permit its 
wider application and studv Such an adaptation has been used in the orienta 
tion studies which follow 

PnncipU of the Method — Blood plasma is extracted with alcohol and 
petroleum ethei The pigments dissolve in the alcohol, and carotene and vitamin 
^ go quantitativ elj' into the benzine lajcr The jellow color of the carotene 
in the petroleum ether is read with filtei 440 (blue) in the colorimeter as the 
basis for latei correction of the blue color of the Carr Price reaction, to w hich 
both caiotene and vitamin A contribute Foi the CairPiice reaction the 
petroleum ether is aerated off and the residue is taken up in chloioform Filter 
620 (red) is used in the leading of the blue color With the test tube cell con 
taming the plasma cxtiact in the reading position, the antimonj tiichloride 
reagent is added all at once, and the reading of the galvanometei leeoided at the 
point of momentary stabilitj which occiiis at the height of eoloi foimation 
Aftei this, a rev ei sal of the galvanometer swing indicates that fading has staited 
Since the rapidity of fading, rather than the point of color maximum, appeals 
to he altered by oidinaij irapuiities in the reagents, particular care in their 
repurifieation and anaoiobic handling has not been found iiecessarv with the 
use of the maciomstriiment 

the Biochemical Laboratoij Department of vledlcine Univcrsitj of Wisconsin 
"tate of "W isconsm General Hospital itladison 
Recehed for publication December 30 1938 

HU kindly furnished a manuscript copj of his procedure in the miccromethod 

s results ha\e not been available up to this time of nrltinp 

10o5 
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METHOD 

Reagents . — 

1. 95 per cent alcohol. 

2. Light petroleum ether. Mallinekrodt’s ether, B.P. not over 80° C.Mas 
redistilled, and the fraction boiling under 45° used in all of the earlier analj'scs 
here reported. Later this rvas replaced by Baker ’s C.P. special benzine, B.P. 
20°-40° C. 

3. Chloroform. Anesthetic or U.S.P. XI eliloroform has been used without 
further drying or purification. Exposure to air has been kept at a miniimim 
by opening quantities ivhieh last only for a short time. 

4. Antimony trichloride reagent; 25 per cent in chloroforra, weight in 
volume. Solution without heating has been obtained by pulverizing the chemiea 
before weighing and then crushing it further with a footed glass lod ^ 
mouthed glass-stoppered bro^^ul bottle in which it is both weighe an^ s ore . 
The reagent is kept at room temperature, to avoid precipitation and irreguiar 
changes in concentration. Both Merck’s and Mallinckrodt s^ analj tica ^ 
have been used interchangeabty. Precaution: Rinse all utensils w ic 
tained antimony trichloride with fairly strong hj'^drochloric acid e ore was ci 
since water decomposes the salt with the formation of slimy, tenacious 
cipitates. 

Colorimeter . — Eveljm photoelectric macrocolorimeter with filteis 440 
620.* A set of the speciall 5 '' selected (“S”) absorption test tubes is resee 
and marked to give uniform blank readings. 


PROCEDURE 

Three and one-half to 5.0 c.c. (preferably 5.0) of plasma 
blood (one drop of 30 per cent potassium oxalate to 10-12 c.c. o 
used for a determination. The sample is measured into a narrow -nee ^jcoliol 
stoppered 25 c.c. centrifuge tubef and an equal volume of 95 per ce , 

and 12 c.c. of petroleimi ethei’, accurately measured, are a e . tv 

is sealed in place wdth a small drop of mineral oil. The conten ® ^ ^ 

end-over-end uiversion of the tube for ten minutes, and then cen ri ° 
short time to aid in layering. The tubes have regularly wa s oo 
1700-2200 I'.p.m. Ten cubic centimeters of the supernatant 
extract are pipetted into a colorimeter tube and the yellow' color rea jg 

440 against a petroleum ether blank. The galvanometer rea iHg o 
recorded as and the corresponding optical density (read ^ porated 

accompanying the instrument) as 1^440* The petroleum ether is 
off in a current of warm dry air or carbon dioxide.t For petroleum etn 

♦The colorimeter ■with necessary filters may he purchased from th ..ser 

29 North Sixth Street, Philadelphia. nhtained on 

tGlass-stoppered centrifuge tubes of this kind catalogue No. - 

through Elmer and Amend Company, specifying tubes similar to ihnlogio 

but of 25 C.C. capacity. freezing o^^f^rbon 

tTanks of carbon dioxide -with pressures too 1°'^' 1° ljf,,ouf^extra expense, ^."“tions of 
sections may be used for this purpose conveniently and ^ ti,ouch vrith 'J^^°°fIvhnolnt 
dioxide has been used tliroughout most of the t^lfactoiy r™"' ''' 

Slood A. aeration vrlth room air proved to be 'arbSn d1ox°?e or air is ■ 

recovery (see Table It', Experiments 7 to 10). Tlie carooii 
manifold through a bottle of calcium chloride. 
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under 45°, the 10 c e can be taken to dirness in about ten minutes iiith a stieam 
ot 6 7 L/minute, the tubes in a Matei bath at 40° to 43° C 

The outsides of the tubes aie iinsed and diicd, and tJie lesidue in each dis 
soiled mice of eblorofoini An antimoiij tnthloiirte blank is set at 100 in the 
colorimeter uith filter 620, and the center setting detei mined and alloived to be 
rome absohiteh stable The unkiionn tube lutli the clilorofoim extract is then 
put m place in the iiistriinieiit, and 9 e c of antinioin trichloride leagent is added 
rapidh doiiTi the side of the tube fiom a quick deliieii pipette (For this pur 
pose a 10 e c transfei pipette mai be cut off fioni the end and recalibiated ) The 
gilranometei mil oscillate buefii, as mixing occurs and then raoie to the left 
*0 indicate a point of equilibiium «hicli is tiansiton but unmistakable Then 
it will reierse its diiection and slonh mo\c off again to the right as the color 
begins to fade The galianometei reading at the maximum coloi is recorded 
as Gj j and its corresponding densitx as L The maximum max persist foi 
sexeral seconds or for onlx one to tiro seconds depending apparentlx mostlj 
upon the freshness of the reagent It is important to note as pointed out bj 
Dann and Exehn,' that the initial reading xilicn actmllx obtained at maximum 
coloi, IS the same with old or neii reagents although the rate of fading of the 
color max xarx This fact was home out m the picsent stiidx bx comparisons 
of different reagents, to bo discussed below 

CILCULITIOX OF RESULTS 

The basis for the use of standard spectrophotometi ic formulas m the calciila 
tion of the results obtained xnth the photoelectric colorimeter — m efi:act an 
abridged speetrophotometei — is outlined bj Dann and Exeljii in their discussion 
of the determination of vitamin A in oils ’ 

■When the initial bght intensity affecting the photocell is adjusted to gixe a 
full scale deflection of 100 points through a tube contaming pure solxent onlj 
(blank), the galx anometer leading, G, obtained on insertion of the colored sample 
solution, wall represent the percentage of light transmitted b.x the colored solution 

G 

m terms of the uncolored blank The densitx L, is then equal to -'“S ot 
L = 2 - log 6 

The L readings coriespoiidmg to gixcn galxanometei deflections as found in the 
b G table aeeompanj mg the eolorimctei represent the density of the solutions 
essentially as they would be measured spectropliotometiically 

Vitamin A— The L value unit here used foi the expression of xitamin A in 
plasma is calculated directly compaiable to the unit used bx Dann and Exelxm 
for the xutamm A m codlixei oil' This xaliie was in turn made as closelx 
analogous as possible with the familiar speetiophotometric unit E (1 cm, 1 pel 
cent, 620 mp), and is wuitten L (1 cm , 1 per cent, 620 mp) Since the effective 
•ajer of solution through which the light passes in the Evelxn colorimeter is 1 9 
un instead of 1 cm (speetrophotometei), this diffeience is equalized by intro 

iluemg the factoi ~ »= 0 525 in the ealculatioii of the L x aliie In the formula 
of Dinnand Exelyn, 

L value (oil) = x L - (1) 
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where 51 = mg. of oil in the sample taken for analysis. Then in the final 10e.c. 
of solution read in the colorimeter tube there are represented 51/10 mg. of the 
original oil per cubic centimeter of solution, or (1/1,000 x 51/10) x 100 = 51/100 
gm. per 100 c.c. of solution. Then the L value (oil) (1 cm., 1 per cent, 620 

lu/i) = X X Lgjo) M'hich on solution yields formula (1) above. 

In the case of blood, where the concentration of the vitamin is nuicli lover 
than in oil, the sample for analysis is taken in terms of cubic centimeters, in- 
stead of mg. of material — ^i.e., 1,000 times as large in order to furnish readable 
colors. In this ease, if A = c.c. of plasma used in an analysis, then A/10 = c.f. 
of plasma represented per cubic centimeter of final solution in the colorimeter 
tube, and 100 x A/10, or lOA = c.c. of plasma represented per 100 c.c. of solu- 
tion. Then 

L value (plasma) ^ 0.0525 x Loco 

Correction for Carotene. — Since the carotinoids in plasma also react vitli 
antimony trichloride to produce blue color in excess of that produced by the 
v’itamin A, a correction for the carotinoids must be applied to the final calculation 
of the vitamin. This is done according to the relationship Li-jo/bnoi 
Dann and Evelyn for pure samples of carotene. Accordingly, tlie corrected 
formula for vitamin A in plasma becomes 

L value 0.0525 [Lf,;;, — (0.14 Lup)] 

(plasma, corrected) A 

In the routine here adopted for blood analysis, A == 10 c.c. of an originn - c-c- 
of petroleum ether extract from 5 c.c. of plasma — i.e., it represents fe ° 
the original plasma. When these quantities are adhered to 

L value 0.0525 [L,,„n - (0.14 L 44 o) ] 

(plasma, corrected) 25/6 

= 12.6 - (0.14 L„o)] X 10' . -"'"I, . 

If more or less than 5 c.c. of plasma ai-e used in the original extraction, t le a 
propriate change is made in the factor 12.6. 

It is to be noted that the plasma values given in the accompan.iiHo 
re])rcsent, for convenience in expression, 1,000 times the actual L ^a ues ca 
lated from formula (4). that is, they represent L value x 10.®* 

Carotene Concentration. — If record of the concentration of caioteiie 
plasma as mg. per 100 c.c. is desired, this may be estimated from the 
ing by reference to a standardization curve like that of Fig. 1- pnre 

an experimental curve obtained by reading loiown dilutions of a samp e 
carotene in petroleum ether ufitli filter 440 against a petroleum ® 

The matei’ial used as standai'd in the present work was from a fiesi.' o 
ampoule of crystalline carotene iirepared b.v the General Biociiemiw -S 
Division of the S.5I.A. Corporation of Cleveland. Because of the 
preparing strictly pure carotene, different samples may yield someu la ( i 
standardization curves. 


•Usinp the factors of Holmes and Corbet for pure '‘‘T, , 4 mnn aniJ 

Corbet. K. E.: J. Am. Chem. Soc. .W. il. 20-12. 1337) and that of Dam L vahie w 
e<julva!ence of the L value unit, it is possible to in 11’'-“ r- el 

blood to their approximate equivalents in terms of.jmeinaponal Un .• ,^8,500 I- t- 

e.stiraatcd that a solution -n-ith an L value of 1 -would contain soinetm h 
vitamin A per 100 c.c. 


and 
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in the plasma of healthy individuals, and that it evidently changes little under 
constant physiologic conditions, unless vitamin concentrates are being taken. 


Table I 


Pasting versus Postprandial Blood 


SUBJECT 

BLOOD TAKEN 

CAROTENE 

MG. % 


1 

a. 

b. 

Fasting 

Two hours after meal high in butter, cream, and 
milk. Heavy lipemia 

a. 0.20 

b. 0.23 

a. 2.38 

b. 2.32 

2 

a. 

b. 

Fasting 

Two hours after meal including bacon, butter, 
milk, and cream. Moderate lipemia 

a. 0.25 

b. 0.2G 

a. 2.C9 

b. 2.51 


a. 

b. 

Fasting 

Six hours after breakfast and three hours after 
lunch including fruit, lettuce, butter, milk. 
Moderate lipemia 

a. 0.19 

b. 0.18 

a. 1.60 

b. 1.60 

4 

a. 

b. 

Fasting 1 

Two hours after breakfast with egg, butter, and 
cream, plus 1 teaspoonful of haliver oil. Mod- 
erate lipemia 

a. 0.14 

b. 0.16 

a. 3.50* 

b. 9.11 

5 

a. 

b. 

Fasting 

Two and a half hours after breakfast with fruit, 
egg, butter, and cream, plus 1 teaspoonful of 
haliver oil. Moderate lipemia 

a. 0.15 

b. 0.14 

a. 2.76* 

b. 6.00 


•High fasting values in tliese cases had resulted from previous dosage pvr,prL 

the last doses having been taken twenty-six and twenty-seven hours before the present e. r 
ments. 


Fasting Versus Postprandial Values for Blood A. — It was observed (Table 
I) that, although a very large dose of the vitamin — teaspoonful of baliver oil- 
more than doubled the A in an already high blood -within two hours, ordinart 
meals did not increase the concentrations of either carotene or A in the plasnia 
within two to six hours, even tliough lijiemia was definite in the postpian la 
samples. Hence the following studies are not restricted to fasting blood, but i 
elude as well samples taken either in midmorning or niidafternoon. 

Prompt Versus Delayed Analysis for Blood A. — Blood was taken 
slum oxalate as an anticoagulant, and the plasnia was separated pionip } ^ 
centrifugation. The determinations to he reported are about equallj i' * 
between those done immediately after the blood was withdrawn and 
which the separated plasma was kept in the refrigerator for from a feu oui 
overnight before analysis. The figures of Table II indicate that theie 
significant loss of chromogenic power when the plasma was stored in t le co 
a day before extraction. 


Table II 

Delated Analysis 


SUBJECT 


CONDITIONS OF ANALYSIS 


a. Prompt analysis 

b. Plasma kept in refrigerator 20 hours 

a. Prompt analysis 

b. Plasma kept in refrigerator 22 hours 
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Subjects Used — Table III sIioms the figiues foi blood A and caiotcne ob 
tamed in a senes of 30 male and 3-i female control subjects in good health The 
subjects ^^ere all connected Mith the clinical oi laboiaton staffs of the hospital 
and on unconti oiled dictaiics, most of them felt fiom then desciiptions to be 
at least adequate, and manv moic than the a\ciagc libcial in A eonlaining foods 
Coiielation studies Mith daih adaptation mcasiiiemcnts a^allable on the same 
mdmduals Mill be included in latoi icpoits The effect of laigo doses of A con 
centrates, Mith and Mithout ^arIOlls supplements, is also being folloued in a 
number of the subjects 


T\ble III 

Carotene vnd t’mviN a i\ PiAssfA or Covti’ols 


MALES 1 

1 FEM VLES 

SUBJECT 

DATE 

CAPOTEN E 
iio % 

A 

L VALUE X 
10a 

^ StrtJLCT 1 

D\TE 

1 

C\rOTF\E 1 
MG % 1 

\ 

L VALUE X 
103 

1 

3/22 

0 12 

2 60 

J 

0/12 , 

0 17 

1 42 


5/ 5 

0 17 

2 03 

J 1 

9/12 

0 21 1 

1 3*’ 

2 

, 3/ 2 

, 012 

loo 


9 13 1 

0 19 

1 38 

3 

' 4/26 

0 08 

1 48 

{ 

0/12 

0 17 

1 36 


, 10/11 

1 018 

179 

4 

9/11 

019 

159 

4 

4/26 

0 05 

I 50 

5 1 

9/14 

V 34 i 

1 58 

5 

4/29 

010 

1 75 

(• 

9/14 

017 

1 27 

C 

, 5/ 4 

010 

2 02 

7 1 

0/17 

014 1 

in 

7 

5/ 4 

013 

218 


9/21 

0 10 

1 13 

8 

5/ 4 

0 07 

1 82 

S 

D/l- 

0 18 

1 19 

9 

, 0/17 

015 

2 28 


9/21 i 

0 14 

1 37 


0/12 

0 20 

2 38 

0 

9/17 

on 

194 


9/12 

0 23 

2 32 

10 

9/19 , 

0 20 

2 22 

10 

0/14 

0 29 

2 40 

II 1 

9/20 1 

014 1 

1 CO 


10/13 

0 25 

2 69 

12 

9/21 

0 00 

1 S3 

11 

9/10 

014 

3 14 

1 

9/21 

0 28 1 

1 77 


9/21 

017 

3 30 

14 

9/20 1 

0 24 

1 33 

12 

9/10 

018 

153 , 

lo 

9/26 

0 09 

in 

13 

9/10 

0 20 

176 

10 

9/20 1 

U 15 

1 17 

14 

9/19 , 

014 

2 04 

17 

9/20 

0 14 

133 

15 

9/20 

013 

2 07 

18 

9/27 

0 21 

119 

16 

9/20 1 

0 13 1 

2 05 1 

19 

9/27 

0 28 1 

2 00 

17 

9/20 

0 14 , 

I CG , 

>0 

9/27 i 

0 24 1 

1 32 

18 

9/20 i 

015 1 

2 07 1 

21 i 

9/30 

0 32 

1 92 

19 

9/27 

0 20 

1 89 


10/ 7 

0 24 

1 69 

20 

9/27 

0 30 

176 

2 , 

10/ 7 

0 17 ' 

1 02 

21 

10/7 

0 20 

2 36 , 

24 

10/ 7 

0 IG 

2 04 


10/7 

0 30 

1 55 

25 

10/11 

0 20 

1 65 

23 

10/12 

014 

1 76 . 

2(* 

10/11 

0 24 

1 80 

24 

10/12 

012 1 

2 52 1 

27 

10/12 i 

0 22 

1 51 

25 

10/14 

0 25 

2 32 1 

28 

10/12 

0 28 

140 

2G 

10/14 

0 21 1 

2 62 1 

29 

10/13 

0 19 

1 66 

27 

10/17 

018 

2 96 

-0 

10/13 

014 

2 82 

28 

W17 1 

018 

2 SO 

11 

10/13 

0 23 

1 97 

29 

10/18 1 

010 

2 00 

32 

10/17 

0 20 

1 25 

30 

10/25 

1 

014 

2 44 

3J 

1 10/17 

1 0 25 

1 1 84 





34 

1 10/18 

0 13 

1 48 

tvera^e 


0 10(1 

, 2 18* 

Averacc 


0 187 

I J 50* 

jiaiidard deviation 

0 059 

1 0 50 

Istindaid deviation 

0 077 

1 0 37 

^oetticient 

of variability 0 36 | 

0 229 

[Coefficient of vanabilitj 0 41 j 

' 0 237 


•See footnote on bottom page 1058 


Plasma Vitamin A in Healthy Controls — ^The "values in Table III, icpie- 
sciited in Fig- 2, sliou' an unanticipated but definite sex diffocnce for eoncentia- 
bon of the vitamin in plasma, the lower figures predominating in the female 
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Pisr, 2 — Lack of co! relation between plasma vitamin A 
subjects ^ == males . o — females A sex difference in tlie concentration o 
distribution of the points 

group. The average value found in 36 determinations on the 30 niale 
was 2.18 (x 10'^) L value units, with a range from 1.48 ~ 3^30, an a ® ^ 

deviation of 0.50 (coefScient of variability*^ — 0.229). In 37 cletermina 
the 34 females, the corresponding average was J.^8, the I’ange fiom . ^ ^ 
and standard deviation of 0.37 (coefficient of variability = 0-237). a 
the values for females fell above 2.0, Avhile 22 were above this in 

males. If this difference were due to relative!}’ larger plasma: ee 
the female, carotene, as well, would be expected to vary in the same 
whereas on the contrary, the carotene for these female subjects ® female 
higher than for the males. If the physiologic demands for A m 
fluctuate with the hormone cycle — a problem which needs furt lei m** 

— one would expect to find greater variability in an unselected 
than one of men, though this has not been definite in the piesen co 
(coefficients of variabilitj-, above). 

»Coefflcient of Varlabllitj =the Standard ieiel' 

for Hie series, thus beconiingr comparable for series with their mea 
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Eudcnces of a se\ difference m the abilitj to stoic and retain A in tJie Inei 
of evperimental animals were discovered in the litciatuie aftei the foregoing ob 
senations were made on human plasma In the piotocols of Logaias and Drum 
mend' it appears that female lats stoie more A in the Inei undei e\peiimcntal 
conditions that tend to conseive the stoics than do the males Disappearance of 
A from the livers of depicted lats was slower in the females oi in castrate males 
than in the male animals studied bv Bull and Soigdiagei ® 

Plasma Caiotcne in Healthy Conti ots —There vras a slight diffeience he 
tween men and vvomen in the aveiage tiguics foi eonceiitiation or variahilitj 
of plasma carotene in the above senes of contiols, with the tendency toward 
higher concentrations and greater vanabilitv in the females The aveiage for 
the males was 0 1G6 mg pci cent, and foi the females 0 187 mg pei cent The 
values langed for the males fiom 0 05 -- 0 30 and foi the females fiom 0 09 
- 034, with coefficients of vanabilitv of 0 36 and 0 41, lespeetivelj Fig 2 
shows that theie is no consistent eon elation between vitamin A and eaiotene 
values in the blood 

TESTS OF DEPr\DABlUTl OF THP METHOD 
Repi oducibility and Consistency of riguies — Since pure eivstallmc vitamin 
A is not jet available for a Icnown standaid, judgments of the dependability of 
the present method must tost on tests of its consistencj and rcprodncibilitj 
Table IV shows the ordei of acemaej with which icsnlts have been lepro 
duced in duplicate aliquots, and Table V the degice of constano} which has 
been noted at diffcient times in the same individual iiiidoi presumably con 
slant phj Biologic conditions The one significant change noted was a con 
siderable increase in both carotene and vitamin A in subject 3 male (No 6, 
Table V), following a late siimniei vacation Evpeneiiee with the biopliotom 
eter has suggested to some obseivers a seasonal vmiation wnth teiidenej to 
lower winter and higher summei leadings Bvaniination of larger senes will 
undoubtcdlj bring out futthei diffeienccs and it is anticipated that more 
extended studies will reveal the basis foi diffeieiit gioiipings among the un 
differentiated senes of Table III 

Drom Table IV, experiments 5, 6, and 7, it is appaient that a significant 
pait of the experimental eiror of the method is in the original extraction, rather 
than in the subsequent stops of the determination The objectivitj of the in 
strument and the ability it affords to make the readings at the absolute maximum 
of the color curve remove sources of inconsistencv' and uncertaintv^ inevitable 
with the older methods, and clear the waj for more comprehensive studies 
Siahltfy — ^Tlie figures of Tabic II, and experiments 7 to 10 m Table IV, 
indicate that the vitamin is present in blood m a form that is relatively stable, 
since neither prompt analysis nor anaerobic handling appears necessaij for con 
sistent leeovery 

Chroniogenic Powers of Diffci ent SbCl, Reagents —Because the accuracj of 
the Carr Price reaction has often been challenged on the suspicion of variable 
chromogenic powers of different antimonj tnchloiide reagents, or of the same 
lot of reagent undei varying conditions, the expel iments of T.ahle VI were made 
*0 test this suspicion under the not at all iigid conditions of control of the 
present technique Satisfactorj checks were obtained in duplicate analvses made 



Table IV 
Duplicate Checks 


EX PER. 

SOURCE OP MATERIAL 

CAROTENE 

A 



NO. 

MG. % 

L VALUE X 
lOS 


REMARKS 

1 

Pooled plasma 

0.17 

1.59 

1 Duplicates from pooled extract 


0.17 

1.60 



2 

Pooled plasma 

0.11 

1.45 

Triplicate aliquots from poolo 


0.11 

1.42 


extracts, using two difTeiei 



0.11 

1.42 


reagents 

3 

Pooled plasma 

0.21 

1.77- 

Triplicate aliquots from poolc 


0.21 

1.77- 


extracts, using same reagci 



0.21 

1.77+ 



4 

Pooled plasma 

0.13 


Duplicates from pooled extract 


0.13 




5 

Undiagnosed cacliexia 


0.517 

*> 




— 

0.471 


.Duplicate analyses from sep; 

6 

Same patient as No. 5, five days 



0.532 

I 

rate extracts 


later 

— 


j 


7 

Pooled plasma 

(a) 0.15 

(a) 1.51 





0.15 

1.50 

Duplicate analyses from sep: 


(a) = aerated 

(a) 0.12 

(b) 1.56 


rate extracts 


with CO. 

0.12 

1.56 



8 

Control plasma 

(a) 0.06 

(a) 1.59 




(b) = aer.ated 
Control plasma with room 
air 

(b) 0.06 


i 


9 

(a) 0.10 

(b) 0.10 

(a) 1.48 

(b) 1.48 

Duplicates from pooled extwe 

10 

Control plasma 

!(a) 0.04 

(a) 1.63 




(b) 0.04 

(b) 1.59 




Table V 

Sajie Individual at Different Times 


NO. 

CASE 

SEX 

DATES 

CAROTENE 
MG. % 

L VALUE X 
o r.(\ 

1 

Control 



0.12 

0.17 

2.uU 

2.93 

2 

Control 

M 

6/17/38 

9/12/38 

0.15 

0.20 

2.2S 

i.3S 

3 

Control 

M 

9/19/38 

9/21/38 

0.14 

0.17 

3.14 

3.30 

4 

Ulcerative colitis 

M 

6/16/38 

6/1S/38 

0.06 

0.07 

0.6" 

0.69 

5 

Control 

U 

9/14/38 

10/13/38 

0.29 

0.85 

2.40 

2.69 

6 

Control 

M 

4/26/38 

10/11/38 

0.08 

O.IS 

1.43 

1.79 

7 

Control 

F 

9/12/38 

9/13/38 

0.21 

0.19 

1.32 

1.33 

8 

Control 

F 

9/17/38 

9/21/38 

0.18 

0.14 

1.19 

1.37 

9 

Control 

F 

9/17/38 

9/21/3S 

0.14 

0.10 

1.13 

3.13 

2.29 

10 

Diabetic 

F 

5/13/38 

5/16/38 

0.096 

0.090 

0.494 

11 ! 

Cachexia 

F 

4/ 1/38 

4/ 6/38 
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T\BrE M 


Checks on Aktimon\ Tpiciiloride Reagent 


EXPER 

NO 

SOURCE Of 
ilATEPIAL 

Sbclj PEVQFXT USED 

A 

I VALUE 

X 103 

SOURCE OF THE Sbcl, 

1 

Control blood 

a Solution S dajs old 

b Solution 4 weeks old 
(In rcfrig between u«c) 

2 28 

2 34 

Merck’s reagent, rafg date 
unknoum 

Merck’s reagent, mfg date 
unknown 

2 

j 

1 

Diabetic blood 

a Solution one daj old 

b Solution 2 months old 
(Kept at room temp ) 

1 17 

1 11 

Merck’s reagent, mfg date 
unknown 

1 Merck’s reagent, mfg date 
unknown 


Pooled extract 

Solutions made from difter 
ent knoun stocks of SbCI, 
(Kept at room temp ) 

145 

142 

142 

Stock No 1 Merck’s re 
agent, date 32587 
Stock No 2 Merck’s ro 
' agent, date 33427 

4 

Pooled extract 

i 

bimc conditions as in Ex 1 
perinient 3 

1 54 

1 51 
154 

1 32 

[stock No 1, as above 

1 Stock No 2 as above 

Stock No 3 Mnllmckrodt’s 
analvt 3024, control 

gnhi 


^\ith old and no^\ solutions fioin tlic same lea'^ont stock, and uitli antimonj 
tnchloudc on hand from diffoicnt stocks 


SUMM \R\ 

The Dann and E\Gl\n photoeoloiimetiic dctcimination of Mtamin A in oils 
bj the Carr Puce icaction has been adapted foi the assaj of 3 5 to 5 0 cc of 
plasma The techmciue diffcis fioin a piioi im< loatlaptation bj C D May in 
using the E^elJ'n macro- instead of the miciocolonmoter With the use of this 
instrument a number of material simplifications m piocedme ha\e been found 
uith reco^ellGs icpioducibh consistent undei a \niiet\ of conditions 

Results foi plasma carotene and Mtamm A aie gnen for 30 men and 34 
i^omen in good health While the figuics foi caiotene Meic sbghtlv highei on 
the average in the female gioup, those foi vitamin A vveic found distmcth 
higher for the males than foi the females, with aveiages 2 IS and 1 56 x 10 ^ L 
^alue" milts loughlv equivalent to 127 and 91 ITT ot vitamin A pei 100 cc 
ef plasma, lespectivelj Coefficients of vaiiabilUv foi the vitamin values in 
the two groups vveie 0 229 and 0 237 

Vitamin A appeals to lie piesent iii the jilasina in a iclativelv stable foim, 
'uid to varv little undei constant phvsiologic conditions in individuals who aie 
uot taking oil coneentiatcs Moie extended studies will doubtless leveal dif 
feient classifications among geneial groups of a healthv population 
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EFFECTS OF ANESTHETIC DRUGS UPON RATS TREATED 
WITH SULFANILAMIDE'' 


John Adriani, M.D., New York, N. Y. 


S ULFANILAMIDE therap}’- has invaded practically every field of medicine. 

Surgical patients frequently receive the drug before operation. The anes- 
thetist is often confronted with a patient who has recently had or is under- 
going intense sulfanilamide therapy. Recent reports of toxic effects from the 
drug and particularly the untoward reactions when given with magnesium 
.sulfate or other depressing drugs, ^ have focused attention upon the possibilit) 
of dangerous sequelae wdien narcotics or anesthetics are to be administered 
during the time Avhen sulfanilamide is present in the body. 

The pigmentation or .skin color changes that follow administration of 
sulfanilamide, at first thought due to alteration in the oxygen-carrying pig- 
ment, and later observations reA'ealing hemolytic anemia or granulocytope"i‘'>i 
haA^e directed attention of anesthetists to possible asphyxial reactions.- Circn 
latory effects in man during anesthesia have suggested this in a few obserra 
tions not yet confirmed, hlore recently, MarshalF has shoAvn that toxic coses 
depress the cortex of the dog, producing residts Avhich suggest a decortiea ec 
animal. Many hypnotic and anesthetic drugs act upon the cortex. There or^ 
attention is also directed toAvard uiifaAmrable results that may be associa e 
Avith cortical depression. 

The present study Avas undei'taken to observe the reactions ()f 
treated Avith sulfanilamide and subjected to anesthesia Avith the various ru,, 
in current use. Rats Avere selected as the experimental animal. 
detoxified similarly in rats and human beings, by conjugation 
acid.^ The toxicity^ in rats is Ioav and the absorption sloAimr 
beings Avhen the drug is giA'en orally' or subcutaneously'.'* The anima 
in this study Avere a special strain of Avhite rats, 6 months old, 
approximately 200 gm. each. . 

The administration of sulfanilamide to a number of animals is simp 
by preparing solutions of the dimg. Such solutions Avere preparec 
mal saline as a diluent. Injection Avas made intraperitoueally avi * ® ^ 
at constant temperature of 37° C. Doses employed amounted to • 
per gram of rat daily'.^ The animals AA'ere treated for three pie 

before anesthesia Avas administered. Determinations of sulfani ami 
blood AA-ere not undertaken. .. q 

The folloAving obsetwations Avere completed using treated rats 
ner gram) Avith a similar number of unti’eated controls. 

' ^ , r\- of 

•From the Division of Burger^*, Department of Anesthesia and I>abora o . 

Surgery, New Tork University College of Medicine, New lork. 

Beccived for publication, January 11, 1939. 
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1 Reaction to /ls;)/(yriG — T\\ent; rats ^^eie used iMtli 20 untieated coii- 
fiok On Oie tJuid d.ij of tieatnienf, thiee Jioms aftei sulfanilamide liad 
Jast been grnen, tbe lats ueie placed iiiidci a Jaig'e bed ji; and nitiog-en added 
coutinuoush but slouh "With tJic lonoicd ox.^g'en tcMision dyspnea Mas fiist 
obsened Mithout inaiked cjanosis The decree, time of onset, and lesultant 
effects Mere simdai in the tieated and untieated gionps Symptoms of 
asplijxia Mere niaiked in all lats aftei eig-ht minutes' admmistiation of nitro 
gen Aftei fi^e minutes' fuitliei obsenatious nitiogen uas again added until 
all the animals slioued SMitope The eoncentiation of nitiogen uas not de 
teimmed 0\}gen Mas then added to leplaee the nitiogen Reco\ei3 of all 
lats occiiued in thiee minutes Reeo\ei\ mos similai m the tieated and 
untreated lats and theie Mas no appaient difteieiice between the gionps dui- 
ing the subsequent thiee horns Miien the\ weie tioseh obsei\cd No diffei- 
ence was noted in then behaiioi dmnig the iie\t se\eial dajs 

2 Reaction to JCxcess Caihon Dioxide — Tuents tieated and the same num 

her of untreated lats of the same size and age ueie placed in a bell jai Caibon 
diovide M-as gladuall.^ added to slouh displace the au All the rats showed 
a Mell defined li 3 peipnGa m less than one minute The flow of carbon dioxide 
iras continued ten minutes, oi uutd lespiiations weie depressed and the iats 
became unconscious Rate and depth of lespnations and the onset of uncon 
sciousness weie similar for treated and untieated raN Anesthesia with carbon 
dioxide was maintained foi one to two minutes Respnations of the treated 
animals appealed to be piedominantlj abdominal while in the untreated rats 
thc> were more of the inteicostal hpe Aftei the bell jai was lemo^ed, reco^e ^3 
^'as no different in eithci group No dehued leactmns weie noted 

( 3 Reactions to Ritious Oxide Kaicosi'- — Ten tieated and 10 untreated rats 

j Mere placed m a bell ini, and nitrons oxide was giadualh admitted After 
^ight and one half minutes all animals weie unconscious E\er 3 animal ex- 
^ hibited marked ctanosis and a well developed hjpeipnea Anesthesia was 
maintained for four minutes Reco^el^ was permitted bj qnicklj introducing 
j os}gen The onset of unconsciousness liAperpnea, c^anosls, and the signs and 
sjmptoms of naicosis weie identical in all animals Results were ■very similai 
^ to those obseived in the expeiunent wlieie nitiogen was used to produce 
ssphjxia None of the tieated or untieated animals died 
I ^ Reactions to Eihei Anesthesia —TwGiit} tieated rats were placed m a 

bell jai Mith 20 controls, and ovjgeii satin ated with ethei vapor was slowlj’ 

Welded Aftei five minutes all lats weie uncoiiseioiis They were maintained 
^ this narcotic state foi five minutes, duuiig which time treated and un- 
j treated lats lesponded snnilarl> Ethei was then added until (after four to 

^ minutes) lespiratorj airest occurred Reactions of tieated rats and the 
Controls Mere similai, and theie was no diffeience in the lecoverj An identical 
I Jiumbei of the treated and the contiols leqiuied aitificial lesuscitation All 
recoveied coinpletelv 

I 5 Reactions to Gyclopi opatie Anesthesia — ^Eighteen treated rats were 

placed 111 a bell jai with 18 contiols, and cvciopiopane was slowlj added 
* 'Vithin tlnee and one half minutes all the lats weie anesthetized The onset 
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(1) Controls not anesthetized. 

(2) 20% controls not anesthetized. 

(3) Controls not anesthetized. 

(4) 66% controls not anesthetized. 
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ot unconsciousness, the lespirations anil signs of aiicstliesia neie similar in 
both gioups Anesthesia Mas inaiiitaiiied foi fire minutes When no differ 
ence in hehaiioi eoiild he detected, eiclopiopane Mas again added Fi\e 
mmiites latei one half of the lats had lespuatoii aiiest The number Mas 
equallj distiibiited ainoiig the tieated and eontiol animals An Mas added 
to effect leeoieij Thiee of the conliols did not ictoiei One treated rat 
died 

6 Jicaitwn’i to Cliloiofoi in Anf^tkena — Fifteen lats Meie placed in the 
bell jai Mith 15 coiitiols, and chloiofoiiii capoi m<is sIomIj added Anesthesia, 
eiident in thiee niiimtes Mas nianilaiiicd toi eight minutes Mith no lariation 
111 effects and no diffeieiice ni lespnafion foi either gioup Chloiofoim lapoi 
«as again added until half the total niimhei of animals Meie at lespiratorj 
arrest Two controls and one tieated lat did not lecocei 

7 Reactions ^Vlth Tuhionicthnnol haicosis — A *1 pel cent solution of 
tnbiomethanol in saline (at 37° C) Mas piepaicd One hiindied fiftj milli 
grams pei hilogiani MCie gneii iiitiapeiitoncalli The inteical betMeen in 
jection and the loss of eonseionsness Mas noted as the iiitenal of hjpnosis 
Anesthesia Mas detcinuned bj ptnehnig the tail Mith a clamp and noting Mheti 
pnii reflexes Mere abolished'' Nineteen tieated i.its and 19 eontiols Meie 
tested The inteical of hjpnosis areiaged 19 niimitcs m the tieated and 21 
niiiiiites in the eontiols Onset of anesthesia nas 21 inninfes Inter in the 
treated and 2 0 minutes latei in the eontiols Anesthesia continued foi an 
aiernge of 17 6 minutes in the tieated animals as lompaied to 15 2 minutes 
la the controls Duiation of the total peiiod of iiiiconscioiisness cliffeied but 
little for the tM 0 gt oups 

8 Reactions to Injections of Dct ivativcs of Baihitnnc Acid — Vaiious bai 
bituiates of the ulfia slioit acting and shoit acting tipes that aie frequenth 
used chnieallj weie admimsteied intiapciitoneallj in a 2 pei cent solution 
The degree of hjpnosis Mas dcteimiiicd be noting the leactions Mhcn the tad 
"aspmclied“ Jletlijl butjl ethjl thiobarhituiic acid (pentothal) isoamil ethjl 
dnobarbiturate (thio ethaiinl), and N iiiethil ciclo lieseiiil inetlnl barbituric 
acid (eiipal) Meie used in the foim of then sodium salts Isoamjl ethjlhar 
bitiirie acid (amjtal), the OKigeii homologiie of thioethamjl and pento 
barbital, methjl butjl ethjl haibituiic acid (neinbntiil), the osjgen homologue 
e£ pentothal, irae also eniploied The amount of the dings gnen, onset of 
hipnosis, and onset of anesthesia aie tabulated in Table I Diuatioii of anes 
thesia Minch cliff eied 111 the tieated and uiitieated lats sen inaikedh in some 
instances, is also tabulated oi explained ni the text These lats MCie gisen 
0 5 aig of sulfanilamide dadj instead of 10 iiig 

Eighteen treated and as maiij untreated lats Meie giien 60 mg pei hg 
(50 pel cent MLD ),^ sodium thio ethannl nitiapeiitonealh Hj-piiosis was 
«'ideiit m the tieated lats in 42 minutes ateiage, and in six minutes in the 
iintieated gioup (Table I) Anesthesia, mIiicIi continued more than three 
’•ours, Mas piodnced in all of the treated lats None of the controls became 
‘■uiestbetized Fite of the tieated gionp died Mithont recoienng from the 
■•ucstlicsia Foul sunning rats, shoMii in Table II, Meie alloMed to recover 
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for four days. They were then given tlie same amount of sodium tliio-ethamyl 
that had been administered to them previously. Controls were also injected. 
These four animals now reacted similarly to the controls, quite unlike their 
reaction when anesthetized during their treatment with sulfanilamkle. 

Pentothal, another thiobarbiturate, was given in doses of 50 and 40 mg. 
per kg,, with a mortality of more than 60 per cent and 50 per cent, respeetively, 
in treated rats, and 10 per cent and none in the untreated (Group 3). 


Evipal, an ultra short-acting barbiturate, not a thio derivative, was ad- 
ministered, 80 mg. yier kg. (40 per cent of kl.L.D.).® All of the animals so 
treated recovered. The treated rats were anesthetized for an average of 
fourteen minutes, while for tlie controls only hypnosis was effected. Treated 
rats given amytal and nembutal likewise showed a marked difference to con- 
trols untreated rvith sulfanilamide (Group 3). 

The animals that died following anesthesia with the barbiturates always 
developed a Cheyne-Stokes’ type respiration and gray cyanosis. Autopsies 
revealed no significant gross findings. The blood was always very dark and 
did not coagulate. 

Another group of 9 rats was given intraperitoneally sodium thio-ethamyl, 
60 mg. per kg. of body weight, together with 0.5 mg. of sulfanilamide per 
gram of body weight. A similar number of controls received the same dose 
of the barbiturate only. Onset of liypnosis averaged four and one-half minutes 
in the control group, and none were anesthetized. In those treated wi 
sulfanilamide, hyymosis developed at the same time, but in these animals t e 
hypnosis deepened and lasted for an average of four and one-half hours, on 
trols recovered completely in this period. 

Nine rats were given 60 mg. sodium thio-ethamyl per kilogram body 
weight four hours after receiving one injection of 0.5 mg. per giam o su^ 
fanilamide. Anesthesia was not produced, but hypnosis was greatly pro onge^ 
over that of controls. Twenty-four hours after sulfanilamide 
reaction to sodium thio-ethamyl anesthesia was similar to that of un I®®. ^ 
rats. With 1.0 mg. per kg. per day the i-eaetion was similar, the anej 
prolonged and the mortality was as high as 60 per cent rvhen 60 nio- 
ethamyd was administered to rats so treated. The reaction wms not o 


when less than 0.25 mg. per gram was used daily. 

From these data it is obvious that rats treated with sulfanilamide^ 
with little difference to volatile or gaseous anesthetics than do untrea 
trols. However, i-ats so treated react quite differently to iujectec 
drugs than do untreated controls. The barbituric acid 
short and ultra short-acting groups, rvliich are ordinarily used 
anesthesia, are not borne well bj' rats having had sulfanilamide. 
biturates are thought to be detoxified in the liver. Howevei, tii 
which is conjugated with glycuronic acid, also in the liver, pi oc ue 
very similar in treated and untreated groups. Delayed Crates 

be the solution for the unusual narcotic effect of barbiturates. ^ 
act upon the cortex and hypothalamus to depress the structuies lei 
doses of sulfanilamide in the dog likewise depress the cortex. 
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tion of the t^\o ma\ greatlj enli«ince the depiession Although the ^\ide 
species -variation to baibitiuate leactioiis is established it is suggested that 
the same eombiiiation maj not be advisable in human therapj 

SUMMARl 

White lats vveie tieated with snltaiiilamide 0 5 to 1 0 gm pei gram bodj 
weight dailj for thiee davs These animals and a similai nuinbei of uutieated 
controls vveic gnen vaiious volatile gaseous and nonvolatile anesthetic diugs 
Thej vveie also subjected to asphv\ia and taiboii dioxide excess 

Reactions to the volatile agents ethei and diloiofoim to the gases lutious 
oxide and cj clo]!! o])aiie, and to caibon dioxide excess oi oxvgen want vveie 
the same m tieated and untieated lats 'Iheie was piatticallj no difterence 
ill the reaction to tiibiomethanol (avoitni) in the two gioups 

Rats treated with sulfaiiilnniule and then given evipal pentothal, tliio 
ethamvl, am^tal, oi nembutal showed cfttits unlike iintieated lats The sub 
anesthetic doses became anesthetu and ottcn lethal Vnestlietic doses weie 
usualh lethal The thio deiivatives of I ubitniit acid weie the worst of 
fenders Rats tieated with sulfanilamide iml allowed foiii davs foi lecoverj 
did not show this leactioii It was also less intense eailv in sulfanilamide 
therap 3 and moie intense with incieased dosage of tlie drug 

It IS suggested that the combination of suU inilaimde and baibituiates maj 
be unwise in human therapv 

, Acknowledgment is made to Dr E A Rovenstine an 1 Dr Charles L. Burstein Pro 
fessor and Instructor of Ane«the‘!ia rospectl^el^ New Voik lTni\er«lt> CoIIeg'e of ivlediclne for 
assistance m this studj and preparation of this report 
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LABORATORY METHODS 


THE USB OP A REDUCING FACTOR OF PREGNANCY URINE IN 
THE DIAGNOSIS OP PREGNANCY*- 


Donald E. Bowman, Ph.D. 
Cletoland, Ohio 


I T IS generalh' agreed tliat biological assay affords an accurate means of 
diagnosing pregnancj’. The most accurate and commonly employed biologic 
methods have the disadvantage of involving considerable time and expense. The 
length of time is especially undesirable in many cases. For these reasons, a 
purely chemical test as accurate as the biologic methods, but relatively simple 
in technique and economical in time and materials, should be of distinct value, 
since it would permit prompt diagnosis and at the same time obviate tlie nwd 
for the special facilities required by the biologic methods. In addition, a chemical 
test might be expected to yield results somewhat more quantitative in character 
than the biologic tests now employed and, therefore, aid in interpreting various 
abnormal conditions. 

It was recognized at the inception of this study that preparations of urinarj 
pregnancy hormones contained a reducing factor, and accordingly an attemp 
was made to utilize this in the development of a chemical test for pregnancy 
At first a delicate qualitative reducing reaction was employed,^ while later use 
was made of oxidation-reduction dyes as the indicator.^* ^ The first test e 
scribed by Visscher and Bovunam was found, under properly controlled con^^i 
tions and in agreement with subsequent experiments of others, to yje an 
curacy of 90 to 93 per cent, although Avith less care, and in the presence o 
tain interfering substances, the accuracy could be seriously reduced. In an e 
to make the test more quantitativ'C in character A^arious oxidation-reduction 
Avere next tried.^' * LikeAvise attempts Avere made to separate the 
ducing factor from other reducing materials or interfering substances. 
complish this, most of the reagents Avhich have been reported in the liteia m 
being capable of precipitating the urinaiy gonadotropic hormones Avere 
In testing out the practical Amlue of these several A'ariations of the 
tions Avere made on urine specimens from Avell over a thousand cases, i 
the test, improved by these modifications, fell short of the desired en 
being suifieiently' quantitative or specific in character, it did serve to e 
correlate a reducing factor Avith the gonadotropic hormone. 

•From the Department of Biochemistrj*, School of Medicine, W'estem Besene 
Cleveland. , ,,,£ American 

Aided bv grant No. 379 from the Committee on Scientific Eesearen 
Medical Association. . , • , rnneress,' Zarich 

Reported at the Meetings of the Sixteenth International PhysioloBica 
Switzerland, August 17, 193S. 

Received for publication, August 17. 1938. 
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It wns loiiiul possible to put tlic obsei^cd iccliRiu^' action on a definite 
quantitative basis b} icsoitmg to lodmietiic titiation, although it was obvious 
that the values obtained wcic the sum of the specific and othei leduciiig sub 
stances in a given picpaiation Theiefoic, eicctiomctiic studies v\eie undei 
taken in ordei to obscive the lelativc concentiations of tlie vaiious leducing 
factors piGsent* It was hoped that bj following the clecliometnc titration 
curves of vaiious piepaiations in tins maniici, the most efficient means of purify- 
ing the desired leducing factoi v\ould be moic xeadih appaient 



Fig 1— T>pic'\l oxidation reduction titritlon curves 

Fig 1 lyresonts tjpical ouiics obtained dining the comse of tlio study which 
indicate the presence of the piognancy leducing tactoi, as wcJl as an inteifciing 
Bubstance iinielated to pregnancy rollowing vaiious luinaiy picparations 
m tins way, it was found timt the intcifciing substances icspoiisiWo foi the 
upper poition of these cuives could be eliminated by fi actional piecipitation 
with acetone held at a definite pH with a pliosphatc bufler solution This method 
of separation was tJien utilized as the basis of a moio simple titiimetiic technique 
which has now been employ ed in a study of ovei 300 normal cases 

Method — Tlie details of the method now employed aie as fonov\s A fresh 
specimen of mine, having a specific giarity of 1020 oi higher, is biought to a 
specific giavitj of 1020 with distilled water Twelve cubie centimeters of the 
urine are then adjusted to a pH of 7 4 by adding 10 pei cent sodium, by dioxide, 
using bromthvmol blue on a spot plate as the iiidieatoi Nine cubic centimeters 
of acetone aie added, the tube stoppeicd, and the precipitate centiifuged down 
The supernatant fluid is then poured off and adjusted to a pll about 5 9, with 
66 per cent sulfosalicy he acid, using the same indicator If a piecipitate forms 
ut this point, it IS centiifuged down and discaided One cubic centimeter of 1 
M Sorensen’s phosphate buffer, pH 5 90, is added to the fluid, followed hy 18 
cc of acetone This is stiiied seveial minutes, stoppered, and centrifuged for 
ten minutes The supernatant fluid is diavvn off by suction, eaiefully leaving the 

, 'The author -wishes to thank Dr Henrx Borsook of the California Institute of Technology 
‘Or aid in the construction and use of the electroinetnc titraUon apparatus 
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precipitate and the viscous, well-separated layer of fluid in the bottom of tk 
centrifuge tube. The viscous fluid contains the precipitated phosphate salts in 
addition to the pregnancy reducing factor and a gonadotropic factor. The 
precipitate and the viscous fluid ai’C dissolved in 5 e.c. of water. One cubic 
centimeter of this solution is pipetted into a test tube, avoiding an excess of any 
insoluble precipitate which may be present. (The use of 1 c.c. also permits a 
duplicate titration when this is desirable.) After adding a few drops of 5 per 
cent starch solution, this is titrated with 0.0005 N iodine in a water bath, main- 
tained carefully at 38° C. The oxidation-reduction equilibrium is reached quite 
slowly, so that in this series the iodine was added in 1 c.c. quantities allowing 
five minutes between each further addition and continuing until a definite 
starch-iodine color remained at tlie end of the five-minute interval. Employing 
this technique, it has been found to be important that tlie original specimen had 
a specific gravity of 1.020 or higlier, otherwise some false negative results might 
be obtained. Effort is being made to reduce this requirement. 


Table I 

Range of Titration Values, Terms 0.0005 N Iodine 


1 

•M.VXIMDJI TITER 

MI.VI.MU.M TJIES i 

aitraoe titek 

Pregnancy j 

c , c » 

50 

C.C. 

10 

c.c. 

17.2 

2.33 

2.69 

Nonpiegn'ancy I 

5 

1 

Male i 

5 

1 


Table I gives the range of titration values obtained in this series when 
0.0005 N iodine was used as the oxidant. It will be observed that there was a 
marked difference between the average titration values for the pregnancy an 
the nonpregnaney preparations. It may be further pointed out that, wi i 
the exception of 3 cases, the px'egnancy and the nonpregnancy values ha no 
tendency to overlap. In other words, the nonpregnancy titers did not excee 
5 e.e., while the pregnancy titers exceeded 10 c.c. 


Table II 


Results Obtained With Present Method 


Correct positives 
Correct negatives (female) 
Correct negatives (male) 
False positives 
False negatives 
Doubtful results 
Total number of cases 
Per cent of accuracy 



Table II presents the data from this .same series, arranged in a quahta 
manner showing the distribution of cases. 


DISCUSSION 

The identity of this reducing substance is of considerable interest. ^ 
especially true in vieAV of its apparent association with the 
of pregnancy urine. Since the concentration of urinary gonadotropic lor 
is the only well-established basis of a biologic test for pregnancy, a e lemic 
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for quell diagnosis -noiiid be of iiioie iimnediate saliie i£ it indicated the lelatiie 
concentration of these hotinones 

Theiefoie, it is of particulai iiitciest to note that a piepaiation of the 
gonadotropic factoi of piegnanei m me oblamed In lepeatid lepiecipitation nith 
the nell knomi acetone method lias mam piopeities in common with the iiseons 
fluid obtained in the chemical piegnanci test here dcsciibed Both gi\e positne 
Jlohseh reactions and hate gonadotiopic actiMtt tilieii injected in toiiiig female 
lats In addition, the gonadotiopic piepaiation o\hihits oxidation reduction 
propel ties similai to those shotrn bt the reducing factoi emploted in the pieg 
nancj test 

Since this papei tias completed, Gin in Bathiiiaii and Wilson hate made 
an important contiibiitioii to oiii Knott ledge of the chemical natiiie of the 
gonadotropic hoinioiie of pregiiaiict iiime In a prcliiiiinait note-' thej pre 
sented etideuce tthicli indicated that the lediniiig substance contained a ga 
lactose component In then fiist final piihluatioii* thet desciibe a method of 
extracting and piirifting the gonadotiopic horiiioiie and state that higlilt puii 
fled prepaiations eoiitam a caihohtdiate polt peptide complex, tthicli has the 
properties of a mucoid It is of finthcr nitiiest to note that tins pioduct 
sloitlj reduces animoniacal siltei iiitiate in the told 

The assoetation of the lediicmg factor and the gonadotiopic hoimones has 
been obsened in tariotts othei uais In addition to the senes of cases reported 
one patient iias foUoived for a period ol tliiee months just prior to pregnanoj 
and again for a similar period beginning iiifii the second month of pregnancj 
The urine Mas examined three times each Meek, and the nte of excietion of the 
reducing substance Mas found to be quite constant in each peiiod The iodine 
titer during the peiiod of nonpiegnanex tailed bctMecii 2 and Sec, Mhile 
during pregnanct it t aricd betM een 40 and 50 o c 

Similar associations of incieased quantities of the gonadotropic hormone 
and the reducing factoi are obscitcd in the in me of adult males Mith testicular 
tumor and also in the urine of toiing bots Fiirtlieimoie the concentration of 
these ttvo iirmait factoi s appears to decrease at about the same time follotving 
dehtery rinallt , it might bo noted that placental tissue extracts containing the 
gonadotropic factor haic been found to contain lelatireh large amounts of the 
reducing factor 

It Mould appear, thciefore, that the cmplonnent of this picgnancx reducing 
factor should ftirnish a xalid basis foi a chemical test for picgnanci, proiided 
iiiteifeiiiig factors base been eliminated It is paiticiilaili sigiiiflcant and 
important that positne icsiilts aic obtained with this chemical test about tMO 
Meeks before the biological tests become positne 

sinniARi 

A method of sepaiating a leducmg substance found m pregnanoj urine 
from other urinaii i educing mateiials is described The titiation of this re 
dueing substance has been made the basis of a chemical test for pregnancy 

It IS belieied that the use of this reducing factor proiidcs a lalid basis for 
tt chemical test foi pregnancj since it occiiis in incieased quantities in preg 
nancj urine, and, furthermore, possesses inanj similarities Mitli a gonadotropic 
factor 
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NEGATIVE SEROLOGIC REACTION EOR SYPHILIS IN NINE 
PATIENTS WITH INFECTIOUS IMONONUCLEOSIS 


John H. jMu.ls, 5I.D., and Ei,sa Jahn, Baltimore, JId. 


B ERNSTEIN^ found the Eagle complement fixation test or tlic Eagle floccula- 
tion test for syphilis to be positive in 6 of 37 patients suffering from in 
tious mononucleosis. Hatz- reported a positive Wassermann reaction with nega- 
tive Kline test in a patient with infectious mononucleosis. 

Nine patients at tlie University Hospital were diagnosed as having infectious 
mononucleosis in Aviiieh the clinical diagnosis was confirmed by eharactens ic 
hematologic findings and a positive hctcrophile antibody agglutination ® 
34 dc or higher. In 5 of these patients the teclmiqne of Bernstein^ was use . u 
the remaining 4 patients the rapid method of Straus'* was used in addition to le 
Bernstein modification of the Paul-Bnnnell test. Tlie Kohner complement xa 
tion test and a flocculation test (Kline test in two instances, Kahn test in t e re 
mainder) ivere negative in every instance. , 

While chance may account for the discrepancy beVveen these resu ts an 
those of Bernstein and Hatz, these observations may be added to the growi 
literature on the subject. 


REFERENCES 

1. Bernstein, Alan: Positive Wassermann in Infectious Mononucleosis, Am. J. So. 

1 • A T PUn PatU* 

2. Hatz, B.: Tiie ^YassernlaBn Beaction in Infectious Mononucleosis, Am. J- 

1938. , rtUTv 

3. Bernstein, Alan: Antibody Besponses in Infectious iNtononucleosis, J. o x . 

13: 439, 1934. , j. Clin. 

4. Straus, B.: Simple Slide and Test Tube Tests for Infectious Mononucieosi , 

Path. 6: 540, 1930. 


Received for publication, September 25, 153S. 



STUDIES IN THE PREPARATION OF POLLEN EXTRACTS’ 


II Anviasis or the Sediment op Pollfn Eatrict Odthned bi Vacuuai 
Filtration Its Question \ble Specific Excitvnt Acti\it\ 


H Haroi D Gelpand, j\r D , GroRGE Flvmm MD vnd A J IIfhitz, B S, 

Nrw VoRiv N ^ 


IN A pieMOUS icpoit b^ Gclfand, Flamm, Centei and the aiithois ^^ere 

* able to demonstiatc that the occiuioncc of <;cdimentation and piecipitation of 
pollen extracts nndei \aciuim filtiation is due to the ^\ithdia\\al of eaibon diox- 
ide from the solution b^ tlie foice of the \aciiiim These phenomena ^vere found 
to be in proportion to tlie force cxeitcd and to tlie amount of caibon dioxide thus 
l\lthdra^vn from the buffeicd saline The fiist ajipeaiance of a flakj sediment was 
observed at the measuicd vacuum picssurc of 29 75 inches of meicurj It was 
further shoum that the sediment icdissoUcs upon the addition of caibon dioxide, 
and that the cloud and sediment icappeai ulien the caibon dioxide is mechani- 
calh vnthdrauTi "We suggested the use of caibon dioxide oi air piessure filtra- 
tion rathei than suction filtiation in oidci to avoid the possibility of this precipi 
tation and clouding 

In this second icpoit it is oui puiposc to descnbe the chemical composition 
of the sediment formed in pollen, cxtiact bv the pioccss of vacuum filtration and 
also to give an account of the activitv of the sediment as pioved clinically by 
direct skin tests on pollen sensitive individuals 

ANVLXSIS or sfdiviext 

Fiftj^ grams of diied and defatted high lagvvced pollen vveie extiacted with 
bicaibonate buffei solution satuiatcd with carbon dioxide, 5 pei cent extiacts 
The solution was divided into two equal paits One half (extiactl) was sterilized 
b^ pressure filtration, the other (extiact II), by vacuum filtiation 


An MV SIS OF Evil vtTS 



E\TR.\CT I 

EXTPACT II 


Total nitrogen 

0 690 mg per c c 

0 551 mg per c c 


Nonprotem nitrogen 

0 340 mg per r c 

0 331 mg per c c 


Protein nitrogen 

0 350 mg per c c 

0 220 mg per c c 


Protein nitrogen I 

0 350 mg per c e 



Protein nitrogen II 

0 220 mg per c c 



^ Difference in protein nitiogen 

0 ISO mg per c r 




Upon analysis it was found that extract I showed a total nitrogen content of 
0G90mg perce and protein nitrogen of 0 350 mg percc Extiact II showed 
^ nitrogen of 0 551 mg pei c c and piotcin nitiogen of 0 220 mg per c c 

•From the Department of Allergy Gouvemeur Hospital New Xork 
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It was, therefore, found tliat extract I contained an excess of total nitrogen over 
extract II, amounting to 0.139 mg. per c.c., and tliat the protein nitrogen* of 
extract I was greater by 0.130 mg. per c.c. 

The sediment in extract II, resulting from vacuum filtration, was analyzed 
by the following metJiod : The sediment was collected by decanting the snper- 
natant extract and centrifuging the last portion. The extract was then washed 
free of inorganic constituents several times with water from which the carbon 
dioxide had been expelled by boiling, and then dried over phosphorus pentoxidc 
for twenty-four hours in a vaeunm desiccator. After this, the sample was weighed 
and its weiglit was found to lie 0.2 gm. It was then analyzed by microprocedme 
for nitrogen, carbon, and hydrogen, witli the following results-. 


Nitrogen 

Weight of sample C-360 mg. 

Net volume of nitrogen 0.145 e.c. 

Pressure temperature, 765 mni. Hg 270° C. 

Percentage of nitrogen 2.61 

Carbon and H 3 ’drogen 

Weight of sample S.03S mg. 

Weight of water 1.095 mg. 

Weight of carbon dioxide 2.135 mg. 

Weight of residue nig. 

Percentage of hydrogen 1'52 

Percentage of carbon '^•24 

Percentage of residue 


It is evident from tliese experiments that the sediment obtained b)' Tacmim 
filtration contained nitrogen, carbon, and liydrogen. The extract which had no 
sediment had a slightly higimv protein nitrogen content. 


DIKECT SKIN TESTS 

After a sediment from ragweed extract in the sample imder stud) iws oh 
tabled by vacuum filtration, we proceeded to test it for ability to produce 
ous reactions. Ten patients known to be clinieally hypersensitive to ragweed, an 
who gave positive cutaneous reactions when tested rvith ragweed saline 
ivere selected at random. Scratch tests were made on the inner surface o 
arm in the usual manner, the skin being abraded and N/10 sodium h)droxi 
applied, followed by tlie application of a small amount of the sediment. ^ 
trol scratch w-ith N/10 sodium liydroxide alone rvas also carried out on eac 
tient. All the subjects gave immediate strong reactions, of the positive n 
type, to the sediment (Fig. 1 ) . The reaction of each subject was in 
tion to the degree of sensitivity of the patient as previously elicited b.v t ® 
intracutaneons test witli tlie usual salme extract of ragweed pollen, 

“A” patients, when so treated, showed the largest wheals, and Class 
smallest.! ^ 

A similar number of patients known not to he ragweed sensitive were 
with the sediment, and their reactions proved to be constantly negative. 


♦Protein nitrogen equals phosphotungstate precipitate, 


tests. 


* equals pnospnotun5stai;e 

fClass A = most sensitive «an€l Class C = least sensitive as aetermiuea o. 


,, serial •iilial'’" 
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COMMENT 

The powdery sediment formed m ragweed pollen extiact, which had been 
filtered by suction through a Seitz or Bcrliefeld filter and allowed to stand, has 
been analj’zed quantitatively. The analysis leiealed that tlie sediment contained 
nitrogen. 

This sediment, after being dialj’zed and dried, was used in testing patients 
known to be sensitive to ragweed, as determined by the use of saline extracts. 
Tliey sliowcd constant and jiositive reaetions by the immediate formation of 
wheals. 



It is to be scon that in the process ot laeuuin hltiation oi lagweed e.xtiact, 
when piccipitation and sedimentation occur, it is as a result of alteration in the 
colloidal solution because of the w'itlidrawal of eaibon dioxide by means of suc- 
tion pressure. This resulted only when the extiacting fluid used was the buffered 
saline recommended by Coca, in which excess carbon dioxide is allowed to bubble 
through before use. 

IVe have ascertained definitely that alteration in tlic colloidal solution due to 
the withdrawal of carbon dioxide will produce the precipitation and sedimenta- 
tion. AVhy some batches of pollen will give the sediment and other batches of 
pollen, although piepared in the same manner, will fail to give it, is unknown to 
"s. One observes that the diffeicnces in protein nitrogen in analysis between 
P^ft I (that sterilized by pressuie filtration) and part II (that sterilized by 
'acuum filtration), give us a figure which for all intensive purpose.? is rather 
^nall and inconsequential in regard to protein nitiogen loss Hence it is doubtful 
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whether that little loss of total or protein nitrogen will make any material differ- 
ence in regard to the activity of the entire solution extract. It is also believed 
that the positive reaction obseiwed from the dermal test performed by using the 
sediment as the allergen is probably due to absorption of protein by the sediment 
rather than the sediment proper. 


CONCLUSION 

In the process of preparation of poUen extracts using buffered saline solution 
(Coca extracting fluid) the vacuum pressure in the process of suction filtration 
causes a withdrawal of carbon dioxide with resultant precipitation and forma- 
tion of sediment. We, therefore, recommend the use of pressure filtration by 
means of carbon dioxide or air filtration (10 to 20 pounds). 

It has been shown that extracts prepared bj'' vacuum filtration have a lower 
protein nitrogen content than those obtained by pressure filtration, but the 
amount of loss is so small as to be inconsequential and probably does not alter the 
activity of the entire solution extract. 

The positive reaction obtained when a small amount of the sediment was used 
as a dermal test on known ragweed sensitive patients is undoubtedly due to the 
absorbed protein from the solution due to filtration. 
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TESTS TO SHOW THE POSSIBLE INFLUENCE OP GEEASY, ACID, AND 
ALKALINE TUBES ON THE WIDAL TEST^ 


With Subsequent Eeference to Tubes Showing Acid Eeaction 


F. Smith, Kelowna, Canada 


T 


ESTS were made to see whether carelessness in iireparing glassware nUo ' 
significantly affect the agglutinin-agglutinogen reaction. , 

Many checks were performed which coincided with the results herein quo 
and paratyphoid A and B emulsions were checked with positive A aiu 
serum. As the results are to show qualitative possibilities only, tve quote ju 
the results ivith Br. aborUis and typhoid emulsions and their 
cifie positive sera. This demonstrates the essential points without sacn c 
clearness. . . 

The author is aware that the results are explicable by exact cliemica a^^^ 
physical rules, but it is chiefly with the technical aspect that this aceoun is 
cerned. 

1. Tests with serum known to be positive for Aborius 
emulsion of Br. abortus: 


with standard 


‘From the Okanagan Central Laboiatory, Kelowna. 
Received for publication. September 14, 1938. 
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SEFUM ■ 
DUiunov 1 

1 20 

1 iO 

1 so 

1 IGO 

1 320| 

1 G40| 

1 12S0 

CONirOL 

DESCEtPTION 

Br abortus 

+ 

+ 

+ 

+ 

+ 


1 


Clean tubes, grease 
less and neutral in 
reaction 

Br "ibortus 

+ 

1 

+ 

+ 





Tubes rinsed in soap 
solution and dried 
in air at room tern 
perature 

Br abortus 

+ 

+ 

! 

+ 

+ 


■ 


~ 

Tubes coated inside 

1 'uith a transparent 
lijer of parafBn 

Br abortus 1 

+ 

+ 


+ 

1 




1 

Tubes boiled in soapj 
water, cleaned with 
a brush and rinsed 
0 times in running 
Mater 

Br abortus 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


1 Tubes rinsed in nor 
mal HCl, dried in 
room, moisture 
Miped from rim 


Haung legard foi tlie Moilv of Michaelis, Boniasli in 1911, and others, we 
contiolled the acid agglutination mth tno c\tia tubes of silinc and emulsion in 
acidified tubes as foi tlio test The contiols iicie negatno 

2 Tests Mitli Iviioun posituc tjphoid SCI um and B typhosus 


SEPUil 
DILtmON 1 

M 

na 




EBB 

I 1 1280 


I>ESCIUPTIO^ 

B tj phosus 

+ 1 

+ 

1 

+ 

+ 

+ 1 

+ 

1 

Tubes properlj clean 

1 and neutral 

B tjphosus 

1 

+ 

1 

+ 

1 

+ 

1 

+ 

1 

+ 

1 


1 

Tubes rinsed m soap 
solution, dried in 

air at room tern 

perature 

B tjphcsus 

+ 

+ 

+ i 

1 

+ 

+ 

+ 

+ 1 


Tubes rinsed in nor 
mal HCl, mcom 
pletely dried 

B t}pliosu« 

“ 

“ 


- 

i 


- 


Tubes rinsed with 
normal NaOH, in 
completely dried 


The same serum and emulsions iiere used thioughout in the case of each of 
these senes 

It seems fiom these and the other tests i\e hare done in this connection, that 
agglutination tests maj he affected by greasiness, alkalinitj, and aciditj of 






A SIMPLE INEXPENSIVE PIPETTING ISIACHINE® 


John II. jMilos, M.D., Baltimore, SId. 


T hough there are inexpensh’e liand-operated pipetting jnaelime.s on the 
market, it was felt that it might be Avorth while to describe a simple pipetting 
machine AA’hich can be made from a 2 e.e. .syringe and a few odds and ends to be 
found aboAit anj’ laboratory. Such a machine has been in eontinnons use for 
the past ten months in the performance of oA’er 5,000 complement fixation 
tests Avithout the necessit}’ of replacing any of the original parts. Reference 
to the diagram should make the details of its construction clear. 


A 2 c.c. all-glass syringe (5) is mounted in a small Avooden block (1) on a 
suitable baseboard about 8 inches by 12 indies in size. This block is clian- 
neled to take the syringe barrel snugly. A grooA'e should be cut in the block 
near one end of the channel to take the flange of the syringe barrel. Nanmi 
strips of metal (3) go OA'er the syringe barrel and are fastened to the ivooden 
block Avith sereivs so that the syringe is held perfectly rigid in the block. 
There must be no free moA’ement of the .syringe barrel Athatever. Any similar 


mounting accomplishing this solidity is satisfactoi'y. 

The head of the S 3 ’ringe plunger is fitted into a slot in a metal 
saddle (4) Avhich is in turn bolted or .soldered to a metal lex'er arm (o). ® 

distance from the point at Avhich the s.A’ringe plunger is mounted must e 
abovrt 8 inches from the fulcrum point (G) so that pressure is not exerte m 
a sideAvard direction upon the .syringe plunger as the lever is pressec. ^ 
slight bit of free pla^^ in the mount Avhich holds the .s.A'ririge plunger heac a so 
aids in preventing the plunger from sticking as the lever is pressed. 

The lever arm (5) is pivoted at G bj' means of a small stove bolt nh 
Avashers and lock mrts. hlotion must be free. About this point the fla s 
making the lever is twisted through a 90° arc at the middle (?')• 

At 5 is a rigidlj' mounted set scrcAv Avhich projects through a hole m ^ 
lever arm. This hole through AA’hich the set screxv pi-ojects must be 
large so that the set scrcAv does not at auA' time touch the lever arm. ’ 

of course, be smaller than the diameter of the head of the sjringe P 
The set sercAV should be guarded Avith a lock nut (IS). When 
the syringe plunger outAvard on its back stroke, the set scrcAV limits ^ 
tance of its excursion. Adjusting this screxv adjusts the volume de 
each stroke of the lever. To insure proper filling of the syringe, a su^ 
number of rubber bands are looped around the set screxv block and eve 
so that the sju-inge plunger is pulled back snugly against toe se 
time the pressure on the lever is released. Experimentation avi a 
the number of rubber bands necessary for this, as too much tension 


•From the tlniversHy Horpital, Baltimore. 
Received for publication, September 29, 1938. 
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maliB the sjriiige lealc air and too little tension preicnts aceiu’ate complete 
filling of tlic syringe to tlie proper volume. 

To reduce friction, tlie end of tlie lever arm rides rather loosely upon 
some smooth tliin object, such as a tlnii glass rod or piece of piano wire {15), 
iihicli is mounted on the baseboard 



The tip of the syringe barrel is connected to a glass “T” tube {10). All 
arms of this tube and all rubber connections should be as short as pos- 

sible in order to reduce the total volume of fluid contained in the apparatus 
to a minimum. One arm of the “T” tube connects uith the small end of the 
glass chamber (A). The two valve chambers (A) and (11) are constructed 
from discarded 10 c c. transfer pipettes. The end of the bulb is cut off as near 
the point where it begins to narrow so as to conserve as much of the straight 
portion of the bulb as possible. A small rubber stopper {12) is fitted into the 
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large end of this valve ehainber. The stopper is pierced by a small bore glass 
tubing ivhieh projects % inch from either end of the stopper. On the end of 
the glass tube, which projects within the chamber, an ordinary Bunsen lalve 
is fitted (11). A Bunsen valve is merely a piece of gum rubber tubing vitli 
a slit approximately Vi inch long, cut either parallel to the long axis of the 
tube or at au angle to the long axis (11). A straight smooth slit may be cut 
with a wet razor blade while the tube is pinched flat, cutting at the sharp 
bend in the tube. This is the valve commonly' used on laboratory' wash bottles. 
Other connections are shown in Fig. 1. 

In constructing the valve chambers a few millimeters should be left be- 
tween the ends and side walls of the Bunsen valves and the chamber walls to 
allow for slight motion of the valves in opening. 

In operation pressure on the lever is exerted with either hand, and the 
delivery tube is held in the other hand. To insure that all air is removed from 
the sy'stem, the delivery nozzle may' be connected ivith a -water vacuum pump 
to produce a slow flow of fluid througb the apparatus. The lever arm is 
pumped a few times wliile the fluid flows. This removes the air from the 
syringe chamber. 

Mounting the whole apparatus in a vertical position with the tip of the 
syringe upward prevents collection of air in the syringe while the apparatus 
is in use. lu such a case, extending the lever arm 8 inches beyond the fulcrum 
point and using this end as the point at -winch presisiire is exerted during 
operation will permit of doivnward instead of the more inconvenient upward 
pressure. When space is conserved by using glass tubing of internal diameter 
of not over 4 mm. and rubber tubing of corre.spondingly' small diameter, and 
all connections as short as possible, the total volume of the apparatus can be 
kept to less than 30 c.e., thus conserving reagents to be iiipetted. 

The volume delivered is checked before and after each run by deliieuHe 
the requisite number of strokes into a small volumetric flask. Keadjustmen 
has been found rarely necessary, but is easily made. In calibration, the same 
speed of stroke, the same amount of tension on the lever, and the same en^ 
of tubing in the .system should be maintained ns is to be used in 
Washing is easily aeeoraplisbed by connecting the delivery nozzle with a wa er 


pump and filling the reservoir with -wmshing liquid. 

The reservoir from -n'hieh fluid is pipetted should uot be placet a 
bigli a level to prevent the fluid pressure created by' the siphon to 
valves open. Simple inspection of the apparatus when filled -with in 


readily' determine this. The delivery' tube (11) should be 
catheter tubing, about 20 F gauge, to prevent variations in ^ 


of thick-wailed 
olume delivered 


due to collapse of the side w'alls of this tube. A finger rest (19) 


sei'eived to the baseboard. „ -cibiihv 

A band-operated instrument offers the advantage of extieme e^^^^ 
in rate variation -ivliich is not pressed by' electrically' driven g gf 

be operated as fast as the electrical pipetting machines. The a isi 


economy is obvious. 



A NEW METHOD FOR CLEANING AND STERILIZING ICAHN OR 
AVASSERAIANN TUBES 


N 0 GuvDEI!So^, JI D , AND C W Andck^on, BS Rockford, III 


"^IIE cleanin',^ and steiili/ing oi Kalin tubes as it is cauied out ni \aiious 
•I laboi atones, is a slou and labonotis piocess M.in\ laboi atones do not 
ha\e the time oi the peisonnol loqinied to clean e\en tube ^\lth chiomic acid 
cleaning solution bcfoie it is used in making the test Obvioush the diffieultj in 
the usual methods lies in tlie fact tliat onh 10 to 12 tubes can be handled in one 
operation This also intioduces the poisonal equation to such a degiee that re 
suits in some cases maj be quite im'‘atisfattor\ As an alternative, this labora 
torj has been using stainless steel wne cloth biskets 6 inches bj G inches by 3 
inches in size, capacity 140 to 150 tubes foi handing ihe tubes m tleanmg, mis 
mg, and drjing opeiatioiis The baskets can also be used for cleaning 4 inch, 
5 inch, and 0 inch test tubes as -uell as glass slides 

Aftci the Kalm tests In\e been completed the tubes aic tiansfeiied directl\ 
fiom the Kalm lacks to the stainless steel baskets All tubes should be packed 
uniforinl}, eithei uitli the open end upuaid oi doununid, to facilitate lapid 
rinsing Thej aio then imscd sc\cial times in a uaim alkaline deteigent, such as 
tnsodmm phosphate, aftci uhieh thoj aic imsecl m tap uatei and immcised in 
cliiomic acid cleaning solution a minmuiin of fom or fi\e houis and piefeiablj 
oieiinght They aie then gneii at least tuo rinses in each of three sepaiate poi 
tions of flesh tap uatei, using not less tlian 5 cpiarts each time The pH of the 
thud portion of tap uatei should be checked occasionalh Aftei this, thej aie 
rmsed twice in distilled uatei and the basket of tubes is placed in a clrjing o\en 
at 120® C All tubes uhicli ha^e contained whole blood should be washed and 
brushed separately in an alkaline deteigent before being placed m the baskets for 
immeision in cleaning solution Yen satisfactoi% results can also be obtained 
b) fiist remoMiig the blood clots, then packing tubes m the baskets and im- 
aieisnig in a stiong solution of tiisodium phosphate allowing them to remain 
o\ei night The following nioimiig iiiise seceial times in tap water, and after 
suing them a caieful inspection, thej maj be placed in the aeid cleaning 
solution 

Laboi atones using o\er 500 tubes per daj might find it ad\antageous to use 
larger baskets, 6 niches b-\ 6 inches \>\ 6 mclies In this case one laj ei of 
tubes should be packed open end downwaid and the top lajer with open end 
upwaid to facilitate imsing Baskets, 6 iiielies b^, 6 inches bj 3 inches, are 
^usilj made up fiom square foot sectrons of the starnless steel wire cloth 
I iHustiates a simple method of forming the basket 

Recehed for publication October 3 1938 
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Fig. 1. 

C 

Three-inch triangular sections are cut from each corner of the squall o 
cloth, as indicated by the diagram. After removing these pieces, the outer 
edges of the wire may be turned under by putting the cloth through a tw 
ner s crimping machine, thereby removing sharp edges. The basket is t eJ 
formed by bending the cloth, as indicated by the dotted lines, bringing the le 
maining triangular section up on the outside of the square end section. This gi'fi'' 
added strength to the basket. The loose ends are hooked over into the wre Pe>'- 
manently forming the basket. A top is made from a 6 inch square section of the 
same material and held in place with short sections of stainless steel unre forme^ 
into hooks. A more satisfactory basket could be made up by electric weldmg t le 
end sections rather than hooking them togetlier. Satisfactory tongs can be ma c 
up of heavy stainless steel wire for handling the baskets when they are immerse^ 
in the acid and during subsequent removal. This laboratory has been 
double pronged Vs inch lead coated wire hook, 12 inches long, with the upper en 
Uvisted to form a handle. 

The wire cloth’' used is a 4 mesh stainless steel No. 304, 18 per cent c r 
mium, 8 per cent nickel. Corrosion tests of the wire cloth indicated a loss o ap 


♦Jlanufactured by W. S. Tyler Co., Cleveland, Ohio, 



MIERS BLOOD CROSSING BLOCK 


1087 


pioximatelj 01 of 1 per cent in one Imndied lioiirs at 20° C ^^llen the cleaning 
solution -was made aceoiding to the foinmla gnen in The Kahn Test, by Dr 
R h Kahn, i e , 252 c c concentiated sulfuiie acid, 300 l c natei, and 60 gm 
potassium dichioinate The coiiosiou late is incieased at highei temperatures 
and decreased bj louei coneentiations of sultiuic acid Aftei about one hun 
dred hours of senicc, a haiinless black toatiiig of nickel and ehiomous oxide 
forms on the uiie If used as indicated, the baskets should gi\e four thousand 
hours 01 inoie of seiMce 

These baskets hate been used foi otei one teai at the Rockfoid Health 
Department Laboiatoij, and thet aic still in seiticeablc eondition 

The method heic outlined appeals to hate tlie following adtantages 

1 Unifoim and complete cleansing nnsing and diting of each tube 

2 A raaiked sating in the cost and time leqnnecl foi cleaning opeiations 

3 Bieakagc of tubes is icduced to negligible quantities 

4 Reduces to a minimum the daiigei of acid bums to the niditidual clean 
mg tubes 

5 The cleaning solution lasts iniich longei 


BLOOD CROSSING BLOCK* 


E E Miers, MD, Philipm \V Va 


A TEST tube siijiport, shotni in Fig 1 has been found tei^ helpful in 
making the cross matching of blood specimens pnoi to ti ansfusion 



The block is of t\ood, painted nliite, size 10 b} 2^ bj 1% inches, large 
holes % bj lyt inches, small holes ^3 Vs inch The middle holes have 
then centers % incli fiom the fiont of the block, and 1^/4 niches apart The 
end holes are midwaj betueeii the front and back surfaces of the block, and 
1 inch apart, the centeis of the laige holes being % inch fiom the ends of the 
block The slots are Xc inch wide India ink is used to make the markings 

•From the Pepper Laboratory Unuersitv of Pennsjlvinia Hospital Philadelphia 
ReceUed for publication October 4 X938 



A SBIPLE DEVICE FOB DBTEKMININ& APPROXIMATE 0XT6E\ 
CONCENTRATION IN OXYGEN TENTS^ 


Robert W. Huktisgtok, Jr., JLD.,i St. Lome, ^lo. 


A SIMPEE device used here for determining the approximate oxygen concen- 
tration in oxygen tents may merit a brief description, since the omission oS 
such checks in mmy hospitals is perhaps due in part to a behei “ 
apparatus is required. As in other bedside analysers, oxygen » “ 

copper screening tvith tvlueh it comes in conUet f “ 

ammonia-ammonium salt solution Irom the ai.sorpt.on f ' . "S 

the sample from the chamber brings the solution back to dissohe 
prepares the copper for the next analysis. 

Design and Constnidion of the Apparatus.— plan of n 
realized from Fig. 1. A calcium chloride U-tube, with Mdreser- 

with side arms and glass stopcocks, serves as absorption e mm e 
voir. The top of the roll of copper gauze in the chamber side ^ 

the bottom of the cock, which is carefully lubricated ni i s o The 

mixture of this and vaseline. The stopcock of the reservoir si _ ^ 

sample is measured before and after oxygen absorption m a • js 

graduated in 0.2 c.c. This syringe must be kept well ^ hot 

appropriate for the temperature. Ordinarily vaseline works b , 
weather stopcock grease should be used. A small glas ' ^ 

syringe with the side arm of the chamber and with t le sma 
Ayer three-way stopcock (Becton, Dieteon D/S2), to tie opp ^ fg,. 

is attached a rubber tube for connection with the tent or o lei ^liaineter 

analysis. The T-tube should be short and of small ^ stopcock and 

should be about the same as that of the adjoining arm o le > ^ 

the tip of the syringe, in order that these two joints , vg^ side arm 

single piece of rubber tubing. As the outside diameter o to cover 

will usually then be larger than that of the T-tnbe, it may e 
the T-tube end with fine bore rubber tubing and then use c P .^^gther, 

bore to make the conneetion. The glass and metal ends are wo » jjetweea 

and shellac is used to make the joints airtight. To reduce le m |y]jg or sid® 
syringe, three-way stopcock, and chamber, unnecessary eng i pj^oce- 

arm should be filed off before connections are made. Correct ^ 
dure minimizes the effect of this dead spaee.^ The arrangemen aspiuh' 

since with the glass stopcock shut one may rinse the tent , pgsjtion h 

ins air from rubber tube E into the sywinge with the me . ^ ^p. 

i\L ejecting the air to the outside with the metal cock m .nO «- 

^roin the Department ot Pediatrics, Washmeton Uni'-'eraip Schoo 
no«!S Children’s Hospital. 

tTheron CatUn Fellow. St. Louis Childien’s Hospital. 1925-38. 
deceived for publication, October S, 1938- 
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piratus IS compact enough to be mounted on a small boaid The sjrmge, A\hich 
need not be of the most e\pensi\e grade, and the Ayer stopcock are most easily 
obtained from a dealer in snigical supplies, ulnlc the lest of tlie equipment is 
cirried b'v most laboiatorj siipph houses Tlie total cost of the equipment is 
about $G 00 

Solution in the U-Tuhe — In oidei to dissohc the eoppei oxide satisfaetoxilj, 
it appeal’s necessaij to use an ammonia ammonium salt solution ^ ^ With such 
solutions it IS difficult to exclude the possibilitj of \ olatilization of ammonia, 
partieulailj uiien the solution is fiesh Foi this ica'ion t^\o oi three consecuti\e 
simples of room or outdooi an should be tested after ieiim\al of the solution, and 
(lie appaiatus should not be put back in seivicc until the difference between the 
initial and lesidual samples comes to about 20 pci cent With this piecaution 
BadgerV ongmal solution of half stiongth ammonn Matei satinated iMth am 
momum chloiidc has plowed quite satisfactoi\ and it seems to ha\e some ad 
vantages met other solutions* * As Badgoi noted \olatilization of ammonia 
from flesh solution, though consideiable dm mg tlie fust deteimination, is usuallj' 
negligible theieaftei Inicn liotweathoi houteei it has bem nccessarj to add 
as much as 2 e e of 20° In drocliloiic and to tin solution in the chamber to 
preient continued libciation of ammonia gas 

The '^citing of the solution must be such that on intioduction of a 10 cc 
gas simple into the chambei thcic uill be ncithoi spilling of solution nor escape 
of gas bubbles It is con\ciiicnt to haie the suifaec of the solution m the cham 
ber just belou tlie top of tlio coppoi, and the la^cl of mincinl oil covering the 
column m the lescivoir should be between the middle and the lower end of the 
straight poition of the tube Tins diffeioncc in the height of the two columns is 
induced by withdiawmg an fiom the chamboi into the sjnnge while the glass 
J stopcock is open and the metal cock is in position $ which connecting tube E 

j inth the outside, shuts off both fiom the T tube Attei the lev els aic set, the glass 

stopcock maj be closed and the sj iingc emptud of air with the metal cock in posi- 
* tioii 2 

To maintain this setting, tlic glass stopcock must not be opened when the 
metal cock is in position 1 oi 2 If such an accident occuis, the glass cock is shut, 
and any gas in the sjiinge is ejected to the outside with the metal cock m posi 
tion 2 The metal cock is tlicn tnined to position 3, the glass stopcock is opened, 
and the plungei is moved back and foitli scveial times to allow complete absoip 
tioii of the oxj gen in the sv stem The levels aie then icsct 

Oxygen Eetcnmnations — The pioeeduie diffeis but little fiom that of other 
bedside apparatus The lubber tube is connected with, the tent outlet valve or 
introduced iindci the hood A small gap in the zippei of one of the new cr hoods 
mikes possible an almost an tight connection Aftei repeated nnsing of the tube 
the procediue alicadv described, the sample foi analysis is taken bj with- 
drawing the plungei picciselj to the 10 ec mark The plungei is lield at this 
niark while the metal cock is turned fiom position 1 to position 3, and the glass 
stopcock IS opened foi an instant, then shut A shift of the oil meniscus gicatei 
tbin the equivalent of about 02 cc indicates that the analvsis should be abin 
doned, but such shifts have been obtained onlv when the sample had been taken 
from a souice m which the piessuie was maikodlj gieatei oi less than atmos 
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Fig. 1 — A, U-tube; 1, reservoir side; 2, absorption chamber 
3, handle of glass cock. B, T-tube. C, Sjringe. -D. nosition No 3 E, 

handle for position No. 1 ; 2, setting for position No. 2 ; S, setting for p 
Rubber tubing from lent 



Fig. 2 


heric, never with tent samples. With the not infrequent slight s n 
ied around the reservoir tube is simply adjusted from the old to t le ne^^ p^,gj,ed 
he oil meniscus. The glass stopcock is again opened as the he- 

ll the way in, then promptly shut. This stopcock is not reopene un 
ore the final reading. Since the rinsing has made the gas in to 

onnection practical^ homogenous, the air displaced from the co 
he chamber as the plunger is first pushed in tvill be to 

he T-connection when the syringe is emptied. Since this an is 
ose its oxygen, the assumption that deoxygenation affects £ggt^ the 

ban a valid 10 c.c. sample involves no significant error. As a ma ei 
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dead space m oui outfits was so siinll in pompanson uith the \olumc of tlie 
sjTinge that lepcated moiing of an to and fiom the eliamliei made onlj a sliglit 
difference in tlic lesiilt Affei tliiee minutes lia%e been alloned foi absorption, if 
the fluid line on the coppei lias stopped climbing the glass stopcock is opened and 
the plungei uithdiaun until the oil meniscus is In ought do\in to the thiead 
iihicli marked its position liefoic the sample uas tiaiisfeiicd to the ehamber The 
position of the plungei nou maiks the final leading The calculation 10 (10 
minus final reading in c e ) = peieeiilagc of a\jgcn If dcsiied a pel cent scale 
maj be maikcd on a stiip of adhesiie tape beside the siinige After the leading, 
the top of the coppei mai be Mashed off In MitlidiaMiiig the plunger a little 
further It is best not to bung the solution quite up to the bottom of the glass 
cock, for lubricant, if picked up lepcatcdh bj the solution might eventualh 
coat much of the coppei and liindei o\jgcn alisoiption The solution is reset, the 
glass stopcock is closed, and the st riiige emptied m itli the metal cock in position £ 
Care of the Apparatus — A jeai’s c\pciioiicc has slioun that these outfits 
are sturdy and requite little attention When the solution begins to shoM a gieen 
precipitate, it should be ponied out of the icsenoit side after lemoval of the 
chamber cock Occasionalh a coiisideiable amount ot oil or giease will hare ao 
cumulated in the ehainbci Such mateiial mar be floated out bj rr ashing the 
Utubo through and through rrith rratci Picsli Badgei ’s solution is poured in 
through the leseiroii side, and the cliamber stopcock is clued and lubricated The 
column of fluid in the icsoiroii is coreied uitli ficsh mineral oil, and the lerels 
are reset The sju-inge and the glass stoiicock must be kept lubiicated, and oo 
casional aspiration of a little iniueial oil tliioiigli the metal stopcock may be help 
ful The Badgei ’s solution should not be allorred to leach the chamber side aim 
end Its connections Leaks should be seaiehed loi occasionallj br introducing a 
little an into the sjiingc, then tinning the metal cock to position 3, and rvith the 
glass stopcock closed, fust pulling, then gentlj pushing on the plunger If the 
fluid in the U tube does not shift, and the plungei mores back to approximately 
its previous position on lelease, a further test iinj be pei formed by letting rubber 
lube E hang dorrn into a beaker of rratci and aspiiating Mater into the syringe 
air being eliminated fiom the connections bj the usual iinsmg piocedure 

Accui acij of the Dctei mniatwns — Tins is limited br the fact that neither the 
oil meniscus noi the sjringo is adapted to piecise leading The error of reading 
may amoimt to as much as 2 oi 3 per cent oxygen 

Reliability of these deteiminations rrithin this limit Mas demonstrated both 
b> analyses of outdooi an and oxrgen from a tank and by parallel determina- 
lions of tent an Mith the simple outfit and rrith the Haldane The foimer pro 
cediire is the simpler foi loutino checks The puie o\r gen is most easily obtained 
through a T tube connection Minch permits icIease of excess pressure 

Toi Haldane analysis tents rreie used rvhieli permitted connection of a rub- 
liertube cither thiough an outlet ralre oi tlnough a tight fitting gap in a zippei 
m 01 del that change in tlic tent an might be minimal dining sampling The 
specimen foi the Haldane rras taken rrith a Collins sampling pump, rrlnle the 
sample for the bedside analyzci could be obtained citliei fiom the pump oi di 
'Mtly from the tent, piorided that in the fiist case the pump piessuie Mas kept 
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close to atmospheric pressure during transfer of the sample, and in tlie second 
case the end of the rubber tube E was placed in the main stream of circulalins 
tent air. Determinations witli the bedside analj'zer were alwa3-s made first to 
determine the gas volume whicli must be handled in the Haldane in order to have 
a residual large enough to lie measured in tlie graduated portion of the hiirette. 
This volume was alwa.vs more than 10 e.e., since the oxj'gen content of the samples 
was 40 to 65 per cent. It was necessary, therefore, to introduce two or more con- 
secutive samples into the Irurette. After the first sample was measured, it was 
promptly transferred in toto to the pyrogallol chamber, the mercmy being 
brought precisely to the top of the burette Irj' adjustment of a pinehcoek. The 
carbon dioxide content of the sirecimen was then determined on the second 
sample. After the burette was again connected rvith the pyrogallol ehamfaer, the 
leveling bulb was cautiously' raised and loivered several times until the gas 
volume had shrunk so that spilling of pyrogallol or escape of bubbles need no 
longer be feared. AbsoiTition was then completed in the usual manner with ai 
least tivo rinsings of the air left in the hydroxide capillaries. Althougli not capa- 
ble of the highest precision, this method gave oxygen values within 0.1 per cent 
of one another on duplicate analysis. 


Limits to precision attainahlc iviih any bedside apparatus are such that de- 
terminations with the outfit just described are pcrliaps as accurate as those ob- 
tainable ivith most others. With all of them the directions call for round numher 
measurement of the initial volume. The setting at which the final reading is to be 
made is usually' that assumed by' the ammoniaeal solution, as connection is made 
between the chamber and the sample container (syringe or burette) while the 
plunger or meniscus of the latter is held at the round figure. Precision demaii s 
that as in the Haldane, initial as well as final volume be measured in accordance 
with a previous setting, and such a measurement docs not usually come in loun 
numbers. If the initial and final readings are made at approximately the same 
pressure, the difference w'ill represent -vvell enough the volume wliicli tlie absor e 
gas had occupied at that pressiu'e, but the original pressure adjustment between 
chamber and sample container, if appreciable, will invalidate the initial lea nj,. 
Another source of uncertainty' could only' be eliminated by separate 
tion of carbon dioxide, for the copper-ammonia chamber, like other denees 
oxygen absorption, absorbs carbon dioxide as Avell. Thus it was found that wo 
successive samples of 70 per cent oxygen and 30 per cent carbon dioxide we ^ 
almost completely' absorbed in our apparatus. Absorption of several 
samples of approximately pure carbon dioxide ivas likewise complete, eien 
Badger’s solution ivas replaced by saturated aqueous ammonium chloride, 
observation illustrates the well-knowm ability' of moist copper to absorb cai J 
dioxide- and shows that such absorption in an ordinary copper-ammonia c la^^ 
her need not be attributed solely to the alkaline solution. The use of ammoni 
car-bonate solutions offers no way out of this difficulty, since they tend to gu® ^ 
both carbon dioxide and ammonia, and to inhibit the absorption of 
third possibility of error, the volatilization of ammonia already mentione ’ 
the copper-ammonia chamber unsuitable for research purposes. 
chambers, with their safety, rapid action, and prolonged usefulness, aie no 
to be displaced from bedside work by- either pyrogallol or hyposuWte. 
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Covipanson with otho ana}ij::cis suggests Ihnt those o£ Hoclistettei^ and 
Ricsman and Lesnick* aio sliglith inoit coniplieatcd in eonstiuction than the one 
heie desciibcd The^ are equipped -with fiuei sealcs foi mcasiuement of the 
residual sample, and nia\ bo e\en simplei m opoiation Tlie authoi ’s picjndices 
m fa\oi of ins o^n doMce aic based on the leadilj imsed connections, the use of 
the s^^ngo for all nieasuicmonfs Mhich olniatcs the ncccsslt^ of a second scale, 
the eascMith ulnoh solution oi e\en ooppei nun be lencwcd, the compactness of 
the mounting, and the simple eonstiuction Mhich icquncs neither cement nor 
glass hloumg If otheis should share those news, this appaiatns might attain 
indci use 

iin rarvers 

1 Badger, M L Determination of 0\>gcn b^ tlic Copjpj \nimonn tmmonium Chlornlo 

Reagent, J Indust Engjn Cbeni 12 \f> 

2 Afellor, J W A Comprelien‘5i\e Irenti^o on Inoigamc anl Geneial CIlemlstJ^, London, 

Longmans, Green Co , 1 ol *’ pp 7'5 sO 

T Hoeclistetter, Stanton S An Ox\gen Vnahzer foi U«c in 0\'gcn Tint Thcrap\, J I 

L Gun Mrn 22 10S2, la 7 

4 Ri ennn, J E F, and Lesnick, G V Simple Metlio] of Oxjgcn 4.nal\‘.is for U«e m 
Otjgcn Tent Tlicrapj, Aon Englind J Med 21S tj 10 0 


ASmPLT: TECHNIQUr. FOR CONCCNTR \TINCt TUBERCLE BACILLI 
IN SPITTUM*^ 

N P Suiliwn, AfS, \XD H J Sr\Rs Pu E Poutlvnd, Obe 

hesitates to add a technique foi sputum coneontintion to a literature 
^ alreadj o^eisupplicd Mitli methods and modifications Tor such a neu 
method to be north nlule it should be (1) less e\pensi\e (2) more rapid (3) 
more simple in manipulation, oi (4) gne better concentration of the tubeiclc 
'' ' bacilli than methods non in use AVe belie\c that tlie method to be described ful 
fills some or all of these lequircments and theiebj justifies its pitsontation 

The digestant used in our method is a oiude picpaiation of the enz\mc 
papam nhich is marketed commeicialh under the name Caioid b^ the American 
Ferment Co, Buffalo, N Y Other preparations of papain are on the market 
^ aad might be quite as efficient AVc Jia^e not tested am of them 

The method for using tlie papain digestant is as follons Appio\imateh 0 
6m of papain, either in the ponder foim 01 mixed nith a small amount of natei 
^ to form a paste, is mixed nith 50 cc of sputum The piopoitions of enz’vmc to 
j sputum may be varied consideiablj nitliout affecting the icsults If a large num 
ber of sputa are to be concentrated at once it is more con^enlent to dilute the 
I enzjme with natei just before adding it to the sputa The stock enzjine, how 
®'er, should alnajs be kept in the powdered form as the solutions do not keep 
j ^'ell 

•From the Department of Bactenologj Unnersitj of Oicson Medical School PortHnil 
I Received for publication Octabei 10 1938 
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The ciizjone-spiitum mixture is incubated at 37° C. in either a water bath or 
hot-air incubator. As soon as complete liquefaction occurs, the mixUire is cen- 
trifuged at high speed, and smears are made from the sediment and stained in the 
usual way. The time required for liquefaction varies with tlie sputum and the 
enzyme concentration. The average time is ten to fifteen minutes. Papain diges- 
tion gives a creamy sticky sediment that adheres well to slides. Because of this, 
much thicker smears are possible than by tlie usual concentration methods. Cellu- 
lar elements and organisms otlier than the tubercle bacilli are not destroyed by 
this method. Because other organisms arc not destroyed, if cultures or animal 
inoculations arc to be made further treatment of the sediment is necessary. lYe 
found that treating the sediment with eitlier acid or alkali gave satisfactory cul- 
tures and animal infections. 

Cultures of the powdered enzyme showed it to contain a number of various 
kinds of organisms. For this reason each batch of enzyme svas tested for acid- 
fast bacilli. In no case were any acid-fast organisms found. 

To test the efficiency of the enzyme digestion, 50 sputa were selected that con- 
tained from one organism in 1 0 fields to 10 organisms per field, as determined bj 
direct smear. Each sputum was then divided into equal parts, one-half was 
digested by 4 per cent sodium hydroxide, the other by the enzyme method. After 
digestion direct smears were made from the enzyme-digestion mixture before 
centrifuging to compare these smears with those made directly from tlic un i- 
gested sputum. Smears of the sediment from the enzyme and the sodium } 
di’oxide eoneenti'ation.s wei'c made and all were stained liy the Ziehl-ho®^sen 
method. In addition to the metliylcne blue connterstam duplicate slides were 
connterstained with a saturated aqueous picric acid solution. Extra thick 
were also tried from both types of concentrated sediment. In the case of the t ic ’ 
smears the picric acid counterstain was by far tlie better. In addition to cen u 
fuging, chemical flocculation, as advocated by Hanks, Clark, and Feldman, was 
used on the enzj'mo-digested sputum. It was found that cliemical floceu a ion 
with either ferric chloride or potassium alum could be used on enzj me- ig® c 
as well as with alkali-digested material. . 

It was found that sputum that liad been enzyme digested, well mixe 
smeared, gave a higher average number of organisms per field and a nine i 
even distribution of organisms than by direct smear from undigested spn um-^ 
many eases the smears from the digest gave twice as many organisms per 
did the direct smears. In the ease of the centrifuged enzyme-digeste sp ^ 


" 1' di 

the number of organisms per field was practically the same as by tlie ^ , 

gested in 90 per cent of the sputa. In 10 per cent the enzyme 
was definitely superior. Following are a few illustrative counts ; 


digestion method 


Number of Organisms per Field in 
Papain digestion 101 79 99 11 * 

Sodium hydroxide digestion 90 5S So 


Duplicate Specimens 


31 


00 

42 


Cultivation and Animal Inoculation of Material Digeste enzyi”**' 

Twelve sputa were selected that were positive for acid-fast haci ^ 
digested sediment. The sediments were treated with eitlier aci oi a jjjpgjj. 
tures were made on Corper’s and Petroff’s media and guinea pioS 
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latcd Positne cultiucjs wciq obttimcd fiom all of the •'•puta, and autopsies of 
the guinea pigs slioued manj t'\pical lesions in all of the nnimals 

E^cct of Enzyme Diqeshon on Oigani»ms Othc^ Than luhoclc Bacilli — 
The sediments fiom all of the cnzMiie digested sputa ^\ele stained bj Giam’s 
method and b\ Cluuchinan’s capsule stain In all cases the Giam stam appealed 
Upieal, and in a feu sjiccimens encapsiil.ilcd oiganisms i\cic dcmonstiatcd b^ 
the Cluuchman method A numbei of oigaiiisins in pine cultiue -wcic then sub 
nutted to the action of the enz\ me UcmolyUc sticptococcii<i, E tijphi, S paia 
typh, Escli coll, D pneumoniae, C diphlhciuu, and C hofmanni stiams were 
crown on Douglas chocolate agai loi ti\tnt\ foiii liouis the glow th emulsified in 
'i cc of saline papain solution and incubUtd toi thioe horns at 37° C Stieahs 
weie then made liom these on Douglas blood agai and Douglas chocolate agai 
phtes Ine^cn case the specified oiganistn was loooMicd As stated picMousl} , 
the enz 3 nie powdei is not stciilc, so the sticah plates contained oiganisms other 
than those undei test No dlfileult^ was tneoiintcud howc\ei, m isolating the 
test oiganism 

CO\CI LblONs 

An enzjiiio digestion niotliod foi coneentiating the tuboitle bacilli in sputum 
Ins been dcsciibcd which has the follow mg adiantagts 

1 Digestion of sjiutuni is lapid, usiialh being eomj)lete within ten to fifteen 
nunutes 

2 No neutialization of the cligestaut is lequucd 

3 The sediment obtained fiom the enz\me digestjon adheics well to glass 
•slides, allowing thiekoi snicais 

4 Cultuies and animal inoculations ma\ be undo fiom the sediment aftei 
appiopnatc ticatmeiit to destiox nonaeid last oiganisms which aie not affected 
h\ the digestant 

REFERENCE 

I Hnnks, J II , Clark, H F and Feldm >ii H Concentration of Tubercle Bacilli From 
Sputum by Chemical FlocciiHtion Methods J L\b CLI^ Med 23 <3b, 1938 
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(Conlimied from the June issue, page 1003.) 

Chapter XI 

Misceleaneous Staining SIethods 

Iron . — There are many methods for the mieroehemical determination of 
iron in tissues. A simple and rapid procedure is the Perl test which depends 
upon the formation of a blue color by the action of potassium ferroeyankle 
upon the iron contained in hemosiderin. The method is sometimes referred 
to as the Prussian blue reaction. 

1. Sections are brought to distilled water. Frozen or celloidin 
sections may be used, but in the latter the celloidin must be removed 
before staining. 

2. Treat for thirty minutes to one hour in a mixture of 1 part 
freshlj’’ prepared 2 per cent potassium ferroc.yauide and 3 pai’ts of 1 
per cent hydrochloric acid by weight. The latter is prepared by 
adding 2 e.c. of concentrated hydrochloric acid to 75 c.e. of distille 
water. 

3. Wash thoi'oughly in four to five changes of distilled watei. 

4. Counterstain lightly with eosin. ' • 

5. Dehydrate in alcohols, clear in xylol, and mount in balsam. 
The iron (hemosiderin) is stained blue upon a pink or led ac '^ 
ground. The stain is quite intense and very sharp. The best resu 
are obtained upon alcohol or formalin-hardened tissue. 

Zenker-fixed tissue may be used, but the blue color is apt to e 
Paraffin, celloidin, or frozen sections may be used. Mallory 
counterstaining with 0.1 to 0.5 per cent basic fuchsin in 50 per een 
With this eounterstain the nuclei and hemofuscin are stained ret, 
hemosiderin blue. The preparations tend to fade in several mont is. . 

For the impid detection of iron in brain tissue, e.speeiall.> 
cases of dementia paralytica, the Spatz reaction is useful. Materia 
frontal cortex will give the most pronounced results. A small p 

unfixed cortex is immersed for a short time in physiologic saline so ii 
is then transferred to concentrated ammonium sulfide and alloue^^ punctate 
fifteen minutes. In general paralysis one sees fine, dai’k stiea vS 
areas in the cortex. By means of a glass hook such an area is 
brought to physiologic saline. It is then trimmed of as niue i 
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as possible and tiansfeued to a small diop of gl\((nn on a glass slide A 
co\ei slip IS placed o^e^ it, and bj fiim piessuie the tissue is spiead flat 
Under the microscope one can distiugiush gieenish black clumps and gianules 
of iron in the vessel ■walls and cells 

Calcific deposits m tissue stain deeph with lieniatoxjhn so that 
specnl methods aie usually not necessan Von Kossa's metliod is useful -when 
a differential stain foi these lime deposits is needed 

1 Paraffin, celloidin, oi frozen sections of alcohol oi foiinaliii 
haidened tissue aie used 

2 Place sections in a 1 to 5 pei cent solution of sihei nitrate for 
thirty to siKh minutes 

3 Wash thoioughl^ m distilled w itei 

4 Deindiate in ascending alcohols cieai in wlol and iiionnt in 
balsam 

Calcium salts aie stained a deep black I he nuclei can be counterstained 
with alum carimne oi safianine aftei the siKei nnpiegnation The method 
depends upon the foiniation of sthei caibonato oi sihei phosphate which, in 
the presence of light, is comeited to black sihei o\ide It the sections aie left 
111 the sihei solution as long as twche horns theie is nioie assiuaiice that all 
of the calcium phosphate will lla^c been stained 

The sections sliould be exposed to diiect sunlight wliile in the siher bath 
The reaction inaj be liastcned bj a few minutes’ exposuie to a diiect souice of 
ultra; lolet light 

Staining Tumois foi Rapid Diagnosis — It is often desiiable to obtain a 
quick histopathologic lepoit upon neoplasms exposed dining an operation 
The fact that maiij of the intraeianml tumois are ill suited foi frozen section 
procediues makes desuable some method wheieb; unfixed bits of tissue niaj be 
stained rapidlj and piepared foi micioscopic examination 

Supravital Staining — This method lias been applied bj Bisenhardt and 
Cushing xvitli good results The metliod has the disad-vaiitage of lequinng 
familiarity witli the appearance of cells st lined with a dilute solution of neutral 
red dye 

As soon as the tumoi is exposed at opeiation a minute fragment is sepa 
rated and placed on a clean glass slide A diop of aqueous solution of neutral 
red dye (1 10,000 oi moie) is added diicctly to the tissue A coxei slip is 
then applied, and by gentle piessuie the tissue is spread The pieparation is 
ringed inth a paraffin xaseline mixture and examined immediately undei the 
niieroscope in a warm box 

The amount of pressure required to obtain an e;en piepaiation xaries with 
tte tyqie of tissue and is learned only b; experience If tlie solution of the 
IS too strong, the nuclei will stain diffusely, a sign that the cells haxe been 
Jujuied, or the tissue will be oxerstained, making the diagnosis difficult It is 
important that the prepaiatioii be made as soon as possible aftei the tissue 
has been remoied Tissue which has been allowed to dry is useless, but 
stained prepaiations retain their clarity for an houi oi more if kept in the 
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warm box and if drying is prevented. Upon standing there is a tendency for 
the ceiis to become vacuoiated and for the cytoplasm to become granular. 

The microscopic appearance of each of tlie various ty^pes of intracranial 
tumors when stained in this manner can be found in the original articles hy 
Eisenhardt and Cushing. However, a few ehaj-acleristics of the more cmmon 
tj’^pes will be given. The fibrillary astrocytomas usually appear as a dense 
network of neuroglia fibers, which are rarely stained but which appear as 
highly refractile processes with scattered nuclei. In the less dense areas 
along the margins of the preparation an unmistakable astrocyte with long 
processes may be seen. Occasionally there is an abundance of astrocytes, hi 
tumors which are composed predominantly of the protoplasmic astrocytes 
there are few fibrillae and, if the specimen is not too degenerate, astrocytic 
cells may be seen. Tissue from glioblastomas shows cells of various shapes 
and forms, asti'ocytes, spongioblasts, and midtimieleated forms. There may 
be many mitotic figures. In some instances, if the tissue is necrotic, the field 
may consist of large, vacuolated cells filled with refractile globules having a 
characteristic greenish-red color. Mednlloblastomas appear as closely packed 
round cells with pale but well-defined cytoplasm. Jlitotic figures are abun- 
dant. The cells of the oligodendrogliomas are also well defined. , The nuclei 
are spherical, contain considerable chromatin, and are surrounded by an 
abundance of pale eytopiasm. Mitotic figures are not seen. The meningiomas 
are easily' recognized by the characteristic whorl formation. The cells have 
large oval nuclei and are usually well defined. 

It should be noted that if nervous tissue from the immediate region of a 
tumor is examined, an unusual number of neuroglia fibrillae and astrocjtes 
may be observed. A representative piece of tissue is, therefore, necessary or 
diagnosis. The recognition of characteristic m.yelin sheaths will often diffor 
entiate a reactive gliosis from actual tumor tis.sue. 

AzureA-Eric Garnet B Stain . — This method, described by' Deery, has been 


found useful for rapid diagnosis and requires no special experience. 

A small piece of tumor, trimmed free from all blood clot and 
non-neoplastic tissue, is transferred to a new, clean glass slide. With tvo 
secting needles the tissue is teased into small fragments or a thin 
pending upon its consistency'. A few drops of the dye mixture of azme 
Erie garnet B are then added, and the preparation is allowed to stan a 
fifteen seconds. Without washing off the excess stain a cover glass is 
and the preparation is firmly' pressed between tAvo blotters. It is then ex 


ined under the microscope. ■ , • j,. 

The preparation of the staining solution lias been described by Gesc ^ 
ter. To 4 parts of a previously' filtered 1 per cent aqueous solution o 
A, there is added 1 part of a filtered 0.5 per cent aqueous solution ® 
garnet B. The latter is added quickly' and the resultant mixtuie is 
immediately to prevent precipitation. The mixture keeps Avell, ^ ' , 

be necessary' to refilter after it has been standing for several Aveeks. 

Por frozen sections Geschiekter i-eeommends staining for ten 
minutes in the dy'e mixture, Avashing in tAVO changes of distille Ava^ 
mounting in 40 per cent glucose. After the second Avasli, the sec lon J 
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ferretl to a clean slide ndiere a cover slip having upon it a large drop of 40 
per cent glucose is inverted over the section. Tlie preparation may he 
examined after allowing a minute or so for dealing to take place. The sec- 
tion should be handled with a glass hook from which it need not be removed 
until ready for mounting. 

The azureA-Erie garnet B method gives a stain which is similar to 
hematoxylin and eosin, but the final preparation is said to be much clearer 
and with greater detailed staining The stain does not fade 

Stains for Xcgri Bodies . — Only occasionally in the average laboratory is 
there need for a stain for Negri bodies It is advisable, therefore, that the 
methods employed use staining solutions nhieh are either quite stable or readily 
prepared The tissue examined bhoiild be from either the cornu ammonis 
(hippocampus major) or cerebellum, and if smears or impressions are to be 
prepared, fresh, unfixed tissue is necessary If the tissue is to be embedded 
in parafiin, it should be fixed in alcohol or acetone as soon after death as pos- 
sible. To prepare an impression, place a small disk of tissue upon a board 
with one of the cut surfaces up. Press the surface of a clean glass slide upon 
the disk of tLssue and lift it suddenly If the tissue has not been allowed to 
dry, it will adhere to the board and leave an impression on the slide To pre- 
pare a smear, place a small piece of tissue on a clean slide "With another 
slide used as a spreader, press evenly and firmly upon the tissue until it 
covers the width of the slide. Tlien draw the spreader toward the opposite 
end of the glass slide, maintaining an oven pressure The piece of tissue 
should not be too large, otiionuse a thick smear will result 

Sellers^ lletJiod.-^Thls method has found wide usage but has the disad- 
vantage of requiring undried and unfixed smears or impressions. 

The preparations, while still moist witli the tissue juices, are plunged into 
the staining solution and immediately removed They are then washed in tap 
crater and allowed to dry in the air. The staining solution is prepared in the 
following manner: 


Basic fuclism (saturated absolute 

raetlpl alcoliolic solution) 2 to 4 c.c. 

Methylene blue (saturated ab'jolutc 

methyl alcoholic solution) 15 c c 

Methyl alcohol (absolute, acetone free) 25 c.c. 

The metliylene blue solution nn<l methyl alcohol are mixed la a 
Coplin jar and 2 c.c. of the basic fuchsm solution are added. A trial 
smear is made. Macroscopically, the properly stained smear should 
appear reddish Molet in the thinner portions If on trial smears the 
tUitiner portions are blue, more of the basic fuchsm is added. Tno cubic 
centimeters arc all that is usually required. The mixture improves after 
standing for twenty four hours, and keeps indefinitely if exaporation 
is made up nitli additional methyl alcohol. Evaporation causes the 
fuchsm stain to become dominant. The staining solution should be 
kept m a tightly stoppered bottle, 

Tlie Negri bodies are stained a bright, cherry red, and the basophilic or 
Wile staining masses are quite clear. The cytoplasm of tJie nerve cells is a 
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purplish blue, the nuclei a deep blue. Nerve fibers are stained a deep pink 
and bacteria, if present, an intense blue. Erythrocytes appear copper colored, 
Myelin sheaths are not stained. 

While the best results are obtained from fresh tissue, the Negri bodies 
often maj' be recognized in degenerated areas. The method is useful for 
smears of pus and exudate and stains many forms of protozoa, especially the 
flagellates and ciliates. However, smears Avhich have been allowed to dry or 
ivhich have been fixed in alcohol, formol, or Zenker’s solution, or any other 
fixative cannot be used. Sections of tissue cannot be stained by this method. 
It is important that the methyl alcohol be absolutely free from xylol and that 
the smear be moist when plunged into the stain. Staining should not exceed 
a few seconds, since even after thirty seconds the results are practically useless. 

Mann-Boline Method . — The method is applicable to smears or sections. The 
tissue should be fixed in alcohol or acetone and embedded rapidly' in paraffin. 

1. Stain thin sections for one-half to four minutes in the follow- 
ing mixture : 

1% aqueous methj’lene blue 35 c.c. 

1% aqueous eosin 35 c.c. 

Distilled water 103 

2. Wash briefly in water. 

3. Wash in ecpial parts of absolute alcohol and tvater. 

4. Allow' sections to remain for fifteen to thirty seconds in alkaline 
alcohol. This is prepared by^ the addition of 5 drops of 1 pei’ cent 
sodium hy'droxide in absolute alcohol to 30 c.c. of absolute alcohol. 

5. Wash briefly' in absolute alcohol. 

6. Wash in tap w'ater. 

7. Transfer to tap w'ater w'liich has been made acid by the addi 
tioii of 1 drop of acetic acid to 30 c.c. of xvater. Allow' to remain one 
to tw'O minutes. 

8. Wash rapidly' in absolute alcohol and clear in xy'lol. Mount 
in balsam. 

This is an excellent stain provided the sections are not a 

the alkaline alcohol. The Negri bodies are seen as small oval bodies 
deep pink, ly'ing w'itliin the pale blue cy'toplasm of the nerve cells. 
often a more deeply' stained peripheral zone w'itli one or more sma 
like bodies within it. ^ 

In addition to the above tw'o methods, excellent preparations 
obtained upon embedded material by' the method of Lentz, oi upon 
or impressions by' the methods of Pi'otliingham, van Gieson, and Giemsa. 

Gross Staining of the Brain . — ^Practical museum preparations, 
useful for the teaching of anatomy' or pathology', may' be pj-op- 

macroseopie staining of sections of the brain. Such preparations, w^^ 
erly' stained, give sharp contrast betw'een gray and w'hite mattei ai 
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kept luclefiiiitely foi displaj oi class use The foil n\ mg method, described 
b} Le Kasmier, has been foimd to be the most dependable 

1 The hi am should be thoioughh hardened ui foiniahn Slices 
aie cut to the desned thickness luth a Lnife '\\Jii(.h is iiell lubiicated 
Mith gljceun Tlic sections must be cut iii one stioke to a'void lea-v- 
ing knife maiks Thc^ should not bo handled with the fingeis 

2 Wash the specimens fiom twel\e to twent^ foui liouis ni run 
inng watei Tiansfei to distilled watei and allow to lemain foi one 
hour, changing the watei at least tliioe times duiing thispeiiod 

3 Submeige the sections foi two miiuitos in jMuUigan’s solutioti 
of phenol at fiom G0° to 65° C Thoio sliould be enough of this 
solution to co\er the sections b\ 2 to 3 niches The foinuda foi 
Mulligan solution is as follows 


Phenol costals 40 00 gm 

Concentrated IndfOchlorie acul I 25 c c 

Copper sulf'itc (cost'll-') 5 00 gm 

Distilled iMitcr 1000 cc 


i Submeige lu an abimilancc of lolil t.ip uatei foi one minute 
5 Tiansfei to a 1 pei cent solution of feint tbloiule iii distilled 
iiater and alloii to leinain tno minutes 

0 Place 111 a 1 pei cent aqueous solution of potassium feiioeja 
nide uutd the grai mattei js a bulli.iiit blue Tins sbould take no 
longei than thiee minutes 

7 Wash in runuiiig iiatei foi tueiiti foui liouis 

8 Piesene sections in 70 pei tent alcohol 

The eoitex and cential nuclei, such as the caudate, thalamus, and dentate 
of the cerebellum, aie stained a brilliant blue Aieas of deiin eliiiizatioii and 
degeneiation aie also stained blue as aie intiaciamal tuniois The nbite 
iiiattei lemanis a eieamj nhite The piepaiatioiis uiaj be exposed to direct 
sunlight iiithout fading It is tei> iinpoitaiit that the knife used to cut the 
brain be ivell lubiicated nitli ghceiin and that the slice be cut ni one stioke 
Failuie 111 this lespeet mil lesult iii diftiise coloiatioii of the uhite mattei 
Sections should be handled as little as possible and then mtli great caie 
Excessite and loiigli liandlmg of the slices mil cause the iibite mattei to 
assume a blue coloi 

Histotopogruphtr il/ef/iods— Laigeh tliioiigb the Moik of Cliiisteller, a 
technique has been detised foi the prepaiation of fiozeii sections of complete 
organs These piepaiations are suitable foi microscopic stiidi The method 
IS of particular \alue in that it aliens foi both a topogiaphie and a micro 
seopic siirtey of a cioss section of a complete oigan Tlie miciotome used 
for the purpose of making these laige ftozeu section^ is of a special tjpe mtli 
a large fieezing chambei and double fixation of the knife to pieceiit iibiation 
For tlie exact technique the readei is lefeiied to the Forenoid in Dr Chris 
teller-s Atlas oi to the aiticle be Di hlaiide E Abbott 
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Chapter XII 
Formulas 

Zeiikerh Fixative. 

Potassium bicliTomatc 
Mercuric chloride 
Water 

Glacial acetic acid 


2.5 gm. 
5.0 gm. 
100.0 c.c. 
5.0 c.c. 


Dissolve the potassium bichromate and mercuric chloride in the 'waUi 
with the aid of heat. Add the glacial acetic acid in the proper proportion just 
before use. Tissue should be fixed in this fluid for ten to twelve hours. Pro- 
longed fixation produces crystals of mercuric chloride which are difficult to 
remove. Sections of tissue which has been fixed in Zenker’s fluid must be 
treated with Gram's iodine and 5 per cent sodium thiosulfate before staining 
to remove the crystals which are deposited. 

Itegaud’s Fixative. 

0 % potassium bichromate 3 parts 

Commercial formalin 1 P'irt 

The formalin is neutralized w'ith magnesium carbonate. The solutiou 
should be changed daily. This is the best fixative for pituitary tissue an or 
certain of the nonmetallie glial stains. 

Orth's Fixative. 

Potassium bichromate 2.5 gm. 

Water 100-0 

40% formalin 10.0 c.c. 

This is a good general fixative. It is improved by the addition of 5 P 

cent acetic acid just before use. 

Muller’s Fluid. 

Potassium bichromate 3.5 gm. 

Sodium sulfate 1-0 6™- 

Distilled water lOO.O c.c. 

Heat together until dissolved. 

'Plip solution 

This is a slowly acting fixative valuable for nervous tissue. _ jtation. 
should he changed frequently and kept in the dark to prevent preeip 


Cajal's Formalin^Amtnonhivx Bromide, 

Formalin (hlerck’s blue label, 40%) I'l- o-n- 
Ammonium bromide 3 gm. 

Distilled water 

This fixative is used particularly for the demonstration of shouh^ 

cells of the nervous system by the metallic impregnation methods, issi 
not remain in this solution for more than six to seven days. 
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Formal Saline. 

Sodium chloride 1 gm 

Formalin 10 c c 

■\Valcr, to make lOO c c 

This can be used as a loutine fi\ati\e iii place of 10 pei cent formalin 

Addison, in i\IeCluug's Hnudhook, leconinieiids tlie addition of sufficient sodi 
urn chloiide to 5 pei cent foiiiiahn solution to bung the specific gra'Mt 3 to 
1030 He states that in this solution theie is less initial change and that the 
brain floats, subnieiged in the solution, thus pieieiiting distoitioii by the 
sides of the containci 

Ka\sc) ’s Gbjcc) in Jelly 


Finest Freoeli goHtm 

S gm 

Piienol crv‘<tals 

5 gm 

Glycerin 

50 c c 

Distilled water 

42 c c 


Mix the gl^ceiin and gelatin togethei and place in a nater bath at 
55“ C until the gelatin is completely dissohed Add tlie phenol cijstals and 
filter Allou to cool and haiden Melt m a bath of boiling water before use 
The gelatin maj be dissohed first in the watei, and the phenol and gljcerin 
added latei Tlie solution must be filteied tbiough glass uool If coarse 
filter papei is used, the piocess must be earned out in an incubator and re- 
quires eighteen to tweiitj-foui hours 

Arahc Sugai 

Pure gum nrabic 20 gm 

Sucrose 20 gm 

Distilled water 50 c c 

Dissohe the sugai in the \U'itei Kub the gum aiabic until finely pulverized 

and add sIomIj, avoiding the formation of bubbles as much as possible Add a 
fe^\ crystals of phenol and stopper tiglitlj Heat in an o^en until thoroughly 
dissolved The solution should be clear This medium lias a refractive index 
the same as balsam It sets quite hard and can be used where sections must he 
mounted directly fiom water 

Delafield^s Hematoxylin 


Hematoxylin crvsfnls 4 gm 

Absolute alcohol 25 c c 

90% alcohol 100 c c 

Glycerin 100 c c 

Saturated aqueous solution of ammonia 

alum in distilled water 400 cc 


Dissohe tlie heinato'cj liii in the absolute alcohol and add the saturated 
ammonia alum solution Mix u ell and allow to stand open, exposed to direct 
sunlight if possible, for tliiee to four da^s Filter and add the gljcenn and 
90 per cent alcohol The mixtnie should be diluted considerablj- with dis- 
tilled watei before using About 30 to 40 gm of anmioma alum are required 
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to saturate 400 c.c. of .vater Tht. ■ 

^vell. It may be uecesaary to ripeu 1 . keep, 

the optinmm results. ' ‘ ° ^ tong period to obtair 


Ehrlich’s ffematoxylin. 


Hematox3’lin crystals 

00% alcohol 

2 gm. 

Histilled water 

100 C.C. 

Pure glycerin 

100 c.c. 

Potassium alum 

100 c.c. 

Glacial acetic acid 

3 gm. 

10 c.c. 


toaving the acetic 

first mixed, but slioukl darken on exnn ^ a light red whe. 

cotton-stoppered glass fla.sk aiul A o light. It should be placed in i 

teen days. Better results are obtab^Tt sunlight for at least fora 

.. aie Obtained after PvriAc,,..., j.., • 


<>iass ntx/i ^ *5iAuuiu u« iJiaceain 

teen days. Better results are obtah^T^l sunlight for at least fov 

About 0.5 gm. of hematiu mav h! ‘ light for six inontl 

ease the solution may be used 80011^' the hematoxylin, in ivbk 

stainmrr +L^ , . . sooner, ihe nuclei .stain a clear blue. Afte 

U^. > 1 


1.0 gm, 
1000.0 c.c. 
0.2 gm. 
50.0 gw. 


illoycr’s Hematoxylin (Ecmalum). 

Hematoxylin 
Uistilled water 
Sodium iodide 
Potassium alum 

toxylin may be first adcWWo 'ui original Maj-er formula. The hemi 

the aid of heat. The watP • ?'^’ ulcohol and dissolved ivit 

as Delafield's hematoxvl' ^ ^ added. The solution acfsmuc 

ruay be added as n nr^so . beep as ivell. A crystal of thyme 

to this stain c-onstitutes Vr of 2 per cent glacial acetic acii 

fl-a„ ars‘'tL"rl^™™.rta' ' 

A. Hematoxylin 
06% aieoiioi 
B- Ferric chloriOo 
Histilled water 

Hydrochloric acid JO cc 

though the mixture hlcnTf -solutions are mixed just before staining. ^ 
nation may be earriVu * some time, it is best to prepare it fresh. Decolor 

IB JvtZjT^T ^Woride. 

alkaline solutions or urni™^^ especially those in which strongly acid 0 

a tendency for uanfRn in silver salts is n.sed, there may b 

albumen method to fioat'^^ nionnted by the glyeerin-egl 

’^Aii7TtoU T.-i+n 7-v __ slide. If possible, the sections should be 

mr, for roriHtip -rv-n^v./^cnc +1... -Crtil.. jneth 


1.0 gm. 
100.0 c.c. 

0.4 gm. 
100.0 c.c. 
1.0 C.c. 


aionmen method to float ... u.> tucgi..v. 

mounted with gelatin Ro ^ ^ ^ possible, the sections sh 

M ever, for routine purposes, the following 
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has been useful in pi eventing: cletacliinent The unstained sections, follow- 
ing treatment iMtli se^e^al changes of \^lol and Iijdiation tliiongh descend 
ing alcohols, aie biought to natei and then to a Coplin jai containing 1 to 3 
per cent gelatin solution Tho^ aie alloncd to lemaiii here at least foui 
lioins and as long as tnehe honis Following this the\ aie tiansfened to 
10 pel cent foinialin nithout cashing and alIo^\ed to lemain foi a similai 
length of time Staining is earned out as usual following ashing in tap and 
then distilled natei PiOMded the sections aie not handled loughh, the} uill 
adlieie to the glass slides 

Sections uhich aic tieated \nth the "Weigoit inoidants bcfoie staining 
should be p»\ssed tluough the gelatin and fmmaUn as outlined abo\e The 
method does not intoifeie uith the staining piopeities of the tissue 

Api’e\di\ 

A NxUocdhdosc as an Emhcdding \<jcnt — iMtiocelhiloso mn\ be used as 
au embedding agent in place of tlic inoie expensne celloidin Since this agent 
IS an explosne uheii dr}, it is usualh supplied tlnnonghh moistened nith 
alcohol The alcohol content of the matciial must ho taken into account in 
the piepnration of the solution 

The tissue to bo embedded aftoi haiing boon doln dinted in alcohols of 
ascending stiengths, is passed tliiongh alcohol othoi solution (1 1) and nl 
loued to leniam for a peiiod of time m G poi cent and finalh 12 pci cent nitio 
cellulose The length of time lequiiod foi complete infiltintion of the tissue 
to take place •\anes uith the si7e of the tissue blotk and the eoiiceiitintion of 
the uitiocellulose solution and must be gauged a<coidingh Aftei the tissue 
has been thoionghlv infiltiated it is embedded in ficsh 12 pei cent solution 
Iloue^er, it ma^ also be allowed to stand foi some time in 25 pei cent nitio 
cellulose and embedded in this solution The final method of hnideiiing the 
block and seetioimig does not diffoi fiom tliat used with celloidin As with 
celloidin, the haidennig should take pla<e sIowl> and sJionld not be carried 
to an extieme 

The following table gnes tlie piopoition of tlie ingiedients used in the 
preparation of appioximateh 560 c e of nitioeellnlose solution 

S5% SohtUon 1S% G% Solution 

Nitrocellulose 200 gm 100 gm 50 gm 

Absolute alcohol 205 cc 245 r r 2( 0 c c 

rtlier 2S0 c (* 280 <• e 2S0 c c 

The 25 pel cent solution inaj pne use to difficulties m embedding because of 
entrapped an bubbles The 12 pei cent solution inaj be piepared bj diluting 
the 25 per cent solution nitli an equal pait of absolute alcohol etliei solution 
Sinnlaih, the G pei cent solution mac be piepaied be diluting the 25 per cent 
solution nith 3 paits of absolute alcoliol-etliei solution oi the 12 pei cent solu- 
tion nitli an equal pait of absolute aleobol ether solution Tlie G pel cent and 
12 per cent solutions inaj also be prepared f i om the di led and finely chopped 
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scraps of nitrocellulose obtained in trimming the embedded blocks. Tke pro- 
portions used here are as for any solution. 

Although the time required to embed tissue is slightly longer than ivitli 
celloidin, the results are equallj* as good and far less expensive, 

B. Dye Solubilities . — The folloiving table lists the solubilities for various 
dyes ill both distilled water and 95 per cent alcohol, as given by the Stain Com- 
mission. The figures represent the number of grains of stain in 100 c.c. oi a 
saturated solution at 26° C. 


Dye 

Picric acid 
Orange G 
Safranine 
Cresyl violet 
Thionine 
Toluidine blue 
Sudan III 

Sudan IV (scliarlack E) 
Crystal violet, chloride 
Eosin, sodium salt 
Eosin B 
Erythrosin 

Methylene blue, chloiide 
Neutral led 

Aniline blue (spirit soluble) 


Water 

35% AkeW 

1.18 

89G 

10.SG 

0.22 

5.45 

3.41 

0.38 

0,25 

0.25 

0.25 

3.82 

0.57 

0.00 

0.15 

0.00 

0.09 

1.08 

13 87 

44.20 

2.18 

39.11 

0.75 

11.10 

1.87 

3.55 

1,48 

5.64 

2.45 

0.00 

1.10 


C. Specific Gravity of Ethyl Alcolwl-W at er Mixtures . — A cheek ® 
had on the alcoliol content of alcohol-water mixtures by determining the spec o 
gravity. This is a valuable and accurate method of determining whether e 
alcohol used in the final dehi'dration of sections contains small A 

water. The following table gives the specific gravity of mixtiiies o e 
alcohol and ivater at 15.56° C-, refeiTed to water at the same tempera 
(U. S. Department of Agriculture). 


Specific Gravity 

% Alcohol hy Volume 

Specific Gravity 

0.98060 

10.0 

0.S639 

0.97608 

20.0 

0.8339 

0.96541 

30.0 

O.SIGI 

0.95185 

40.0 

0.S121 

0.9344 

50.0 

0.S079 

0.9136 

60.0 

0.S035 

0.8900 

70.0 

0.7989 

0.7939 


% Akolidbyroimr 

50.0 

90.0 

95.0 

96.0 

97.0 

95.0 

99.0 
100.0 
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COLD VACCINES, Evaluation of, Diehl H S , Baker, A B , and Cowan, D W JAMA 

111 116S, loss 

In a carefully controlled studj of the \aluo of three different \accines i^liieh are 
recommended for tho pre\eutAon of colds the subjects were cold susceptible students at 
the Universitj of Minnesota 

A "control group’^ T\as obserxed during each jear of the studj Such groups xxere 
chosen at random from the students v.ho applied foi cold prcxention treatment, the mem 
hers were treated in exactly the same mannei as those of the vaccinated group, and thej 
believed throughout the period of the experiment that thej were receiving vaccine 
Sterile phjsiologic solution of sodium chloride was administered hvpodormicallj* as a eon 
trol for the subcutaneously administered vaccine and Ineto^e filled capsules as a control 
for the vaccines administered orally 

One of the most significant aspects of this studv is tho great reduction in the num 
ber of colds which the members of the control groups reported during tho experimental 
period as compared to the number that the same students, reported for the previous year 
In fact, these results were as good as many of those reported in uncontrolled studies which 
recommend tho use of cold vaccines 

The group which rocei'ed vaccine subcutaneoush experienced an average of 25 per 
cent less colds per person than did the control group Tins difference occurred during 
both years of the study and is statistically significant Practically, however, it is of little 
or no importance, because a reduction of 25 per cent in the average number of colds 
in a group of individuals is not sufficiently great to justify the time and expense involved 
in carrying out the intensive vaccination procedure which was utilized 

The group which received the polyvalent vaccine administered orally experienced 
jnst as many colds as the control group during both years of the study 

The results reported by the students who took Rosenon 's streptococcus vaccine 
parallel exactly those reported for the control group 

Although the data aro not entirely conclusive there is no evidence in this study 
either that vaccines reduce the complications of colds or that the condition of the nose and 
throat IS related to the frequency of colds m a cold susceptible group 

diphtheria toxoid, Reactions Eollowiag Use of, Hayman C B Am J Dis Child 56 

723, 1938 

Reactions to the injection of undiluted plain toxoid arc frequent and severe enough 
to warrant caution 

The age of the subject is a good guide in foretelling reaction 

The diluted toxoid test is of value in forecasting Teaction in those younger than 
35 years, the Schick control test is not Both are of value in those older than 15 years 

Reactions are less influenced by change in dose of undiluted toxoid than by varia 
tion in age and cutaneous sensitivity 

Lack of reaction to an initial injection does not warrant giving a much stronger 
second injection 

The following scheme of immunization is suggested 
A If the subject is 15 years of age or older 

1 Perform preliminary cutaneous tests, using 

(a) Schick and Schick control test or 

(b) Schick and diluted toxoid (1 20) tests or 

(c) all three 
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2. If the Schick test is positive, give the first injection as follows: 

(a) If the Schick control test, the diluted toxoid test or both are negative, inject 

0.5 c.c. of undiluted toxoid. 

(b) If the highest reading is 1 plus, inject 0.25 c.c. of undiluted toxoid. 

(c) If the highest reading is 2 plus, inject 0.1 c.c. of undiluted toxoid. 

(d) If the highest reading is 3 plus, inject diluted toxoid or another material, 
such as toxoid-antitoxin floccules, or do not immunize. 

3. For subsequent injection: 

(a) If no reaction has occurred, give the same or, at most, a double dose. 

(b) If a reaction has occurred, give the same or a decreased dose. 

B. If the subject is under 15 years of age: 

1. Do the preliminary cutaneous tests, using 

(a) Schick test alone or 

(b) Schick and diluted toxoid tests. 

2. If the Schick test is positive, give the first injection as follows: 

(a) If the diluted toxoid test was omitted, inject 0.1 c.c. of undiluted toxoid. 

(b) If the diluted toxoid test reading is 1 plus, inject 1 c.c. of undiluted toxorf. 

(c) If the diluted toxoid test reading is 2 plus, inject 0.5 c.c. of undiluted toxoid. 

(d) If the diluted toxoid test reading is 3 plus, inject 0.25 c.c. of undiluted toxoi . 

3. For subsequent injection, proceed as in A. 

BLOOD GROUPING, Artificial Concentration of Test Serums in, Hoxworth, T., 

Mahoney, E. J. A. M. A. Ill: 1554, 1938. 

The lyophile method of drying serum as reported by Piosdorf and Tt^inS 

to the authors as a possible method for accomplishing the same nurpose with oo 
serum. They have been able to dry serum by this method and rodissolve t e 
less than the original volume. The resulting product was found to have a emagg 
titer greater than the unprocessed serum and to be suitable for use as test seta 

TRICHINELLA SPIRALIS, Present Incidence of, as Determined by 197:^41 

Unselected Autopsies in St. Louis Hospitals, Pote, T. B. Am. 3. • ' 

1939. 

Muscle tissue from 1060 unselected autopsies were trichinous to the exte 
per cent. There had been no sj’mptoms suggesting trichinella infestation. 

Ninety-five per cent of the infestations were dead, calcified, and material to 

integrated; 5 per cent were demonstrated to be alive by feeding the in es e 
rats and recovering live trichinella larvae. history 

Very heavy infestations were to be observed where the individual pje 

of always having enjoyed good health. In one patient, dying at the age ° 
result of an accident, autopsy did not show that the infestation had con n 
cause of death. d to b® 

In 1500 hog carcasses examined for trichinella, 0.8 per cent jcHnella infest^" 
fested, which gives rise to the question whether man is getting all of vs rio 
tion from pork. It may be concluded that man’s infestation comes from por ’ ^ 
the small packing plants, which are not supervised by meat inspection 
noted that the infestations that sporadically occur are from pork from 
not under federal inspection. . • # t tion of 

It can he very definitely concluded that the trichinella spiralis in es a 
not a serious lethal factor in Missouri, since in 163 instances of infestation i 
to have been the cause of death or to have contributed to the cause o ea 
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ENTOCAEDITIS, Bacterial, Mechanism of Localization of Vegetations of, Allen, A C 
Arch Path 27 309, 1939 

In from 50 to 75 per cent of c i'«es bictcriil endocarditis is superimposed on rheumatic 
endocarditis Rheumatic endocarditis commonh produces a ^al\ular fibroplastic deformity 
mth stenosis This lesion takes tlie form of a projecting shtlf or barrier, usuallj at the 
line of closure, against ivhich the blood stream strikes Bi \irtue of this obstruction to 
the sjstohc discharge (manifested M m>ocardial hjpertrophx) the site of the deformity 
suffers a distinctly greater impact and contact than the normal ^aho leaflet, uluch “gives” 
or yields with the stream This contact with the blood (and organisms in a bactenemia) 
IS further enhanced by the diastolic baekfloii due to insufficiene\ — the usual concomitant 
of stenosis The role of these dynamics m the localization of vegetations is suggested 
This same mechanism applies to congenital lesions including the “so called con 
gemtally bicuspid aortic %al\e ” 

Attention is called to the fact limt the outflou surface of all \al\es normal or de 
formed comes in contact vith a much greater aiea of blood (and tovic agents) than the 
opposite surface The significance of this m the localization of vegetations is stressed 
An ex^ilanation based on tlie same principles is offered for the rantv with which 
auricular fibrillation is complicated b\ bacterial ciuloc irditis The possibilitv of the in 
fluence of other auviharv factors is not precluded 

It IS pointed out that there is an increased lendenev for acute rather than subacute 
endocarditis to occur on (a) valves not previoush deformed and (b) valves of the right side 
of the heart This fact is correlated with the principles of impact and contact 

BLASTOMYCOSIS, Martin, D S , and Smith D T Am Rev Tuberc 39 488, 1939 
From a study of the recorded cases of bJasfomvto^ts and their own senes of 23 ctses, 
the authors have drawn the following conclusions 

American blastomycosis (Gilchrist's disease) is a distinct clinical entity caused by a 
specific etiologie agent, Blastomyces dcrmahtidis 

Two clinical types of infection are recognized (a) cutaneous blastomycosis, which 
proceeds as a chronic or subacute ulcerating process and which usually responds to treatment 
with iodides or radiation, and (b) systemic blastomveosis a highly fatal disease, character 
ized by pulmonary infection and widespread distribution of lesions m the subcutaneous tissues, 
bones joints, central nervous system, and internal organs 

The same fungus, Blastomyces dermatxtuhs cau«cs both types of infection 
The disease is far more common m males, and the natural habitat of the fungus is 
evidently in nature although proof of its existence in the environment has not been found 
Antibodies can be found in tlie «era of patients vvho are heavily infected , they persist 
until death unless the infectious process is overcome or greatly reduced 

Some patients develop a condition of hyper«ensitiveness to the infecting fungus, and 
this allergic state diminishes in the terminal stages of the disease The degree of hy^ier 
sensitiveness can be estimated by skin tests and can be materially reduced by the repeated 
injections of minute doses of a heat killed vaccine 

Potassium iodide is curative in some cases but it is a dangerous drug to administer 
to patients who are allergic to the fungus 

In systemic blastomj cosis iodide therapv should be started only after the state of 
hvpersensitiveness has been excluded bv skin test or artificially reduced by therapeutic 
injections of vaccine 

tuberculosis, Culture Methods In the Diagnosis of, Whitehead, H G Am Rev Tuberc 

39 540, 1939 

A total of 215 specimens of various types were examined for tubercle bacilli by direct 
and concentrated smears, cultures on two tubes each of four ty’pes of media and animal 
inoculation Concentration did not increase tlie number of positive specimens, but satis 
factonly prepared the material for culture and injection into a guinea pig Culture and animal 
inoculation increased the number found on smear 
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Petragnani ’& medium showed more effieieney in promoting growth of tubercle bacilli 
and more resistance to contamination than did the media recommended by Loewensteb, 
Corper, or Petroif for isolation from contaminated materials. 

A series of 190 specimens without animal controls showed a similar superiority of 
Petragnani's medium. 

Greater efficiency of the culture method is obtained by using several different types of 
media in routine laboratory search for the tubercle bacillus. Available data do not warrant 
the substitution of tbe culture method for the animal method, but indicate that both shonW 
be used for the maximum reliability in laboratory diagnosis of tuberculosis. 


ENDOMETEIAL BIOPSY, Clinical Interpretation of, Katz, J., and Parker, E. Endo. 

crinology 24: 447, 1939. 

Three hundred endometrial biopsies from completely controlled patients in whom orarian 
dysfunction was suspected have been studied and classified. Abnormalities which occurred in 
every stage of development have been described and interpreted in terms of disturbance of the 
functional level of the ovarian hormones. 

Abnormalities of the endometrium reflect either failure of orderly elaboration or a 
disturbance in the normal balance of the two ovarian hormones at various times in the 
menstrual cycle. Pseudomenstruation, which is often considered to be synonymous uitli 
anovulatory menstruation, is not uncommon, occurring in 40 cases of thi.s senes. 

Subnuclear vacuolization, which has been described as diagnostic of the occurrence of 
ovulation, is exceedingly variable in time of occurrence and may be superimposed upon an 
abnormal follicular typo of endometrium. Secretory differentiation may be instituted in an 
endometrium showing evidence of either defleient or excessive follicular proliferation. ic 
corpus luteum does not function in an “ all-or-none ” fashion, but it may elaborate an exco. 
of one hormone (estrone) or a deficiency' of one or both hormones. 

There are no specific endometrial patterns for the gynecologic symptoms, nitli the ^ 
exception of amenorrhea, in which a follicular endometrium is usually encountered. Pa ” 
bleeding may occur from any type of endometrium described. These same types occu 
patients in whom there is no tendency to bleed. Menopause has no specific endometrial pa 
The endometrium merely reflects the degree of ovarian failure. 


PNEUMONIA, Giant Cell of Infancy as a Manifestation of Vitamin A Deficiency, Chown, 
B. Am. J. Dis. Child. 57: 489, 1939. 

The hypothesis that the giant cells of giant-cell pneumonia represent 
alveolar epithelium due to vitamin A deficiency’ cannot be proved by' argument. 


the que-stioas of 

w’hether infection can cause either local or general depletion of vitamin 


disproof must await experiment. So, too, only’ experiment can answer ^ ^ 


such depletion can be prevented by giving the vitamin during the course 
It is an interesting problem. 

Five cases of giant-cell pneumonia are reported, and the possibility that 
cell formation is the result of vitamin A deficiency is discussed, though no con 
reached. The effect of infection on vitamin A depletion is also considered. 


A T M 

TULABEMIA, Diagnosis of, Priedenwald, W. F., and Hunt, G. A. Am. a- 
493, 1939. 

The results of diagnostic tests in 50 cases of tularemia are presented. 

The blood agglutination is the most constant and reliable diagnostic me 
first week of the disease. _ ^ ],e 

The antigen skin test is positive during the first w'eek of the disease an P 
highly specific and reliable. 
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The antiserum skin tests, both goat and horse, have been of value in onij a small 
percentage of cases, because of nonspecific reactions of control sera It is alwajs necc'ssarj 
to use a control serum in thi«5 test 

The opsonocytophagic reaction tends to parallel the bltocl agglutination in time of 
appearance and is valuable in differentiating Brucel!o‘.is from tularemia, when cross 
agglutination occurs 

DERMATOSIS, Precancerous and Epithelioma m Situ, Montgomery, H Arch Derinat 
Syph 39 3S9, 2939 

In the group of precancerous dermatoses are included true Bowen’s disease, senile 
l{erato<!es, keratoses resulting from arsenic, tar, or radiation and Icucoplakia of the mucous 
membranes In 20 per cent or more of the patients epithelioma ot varying degrees of 
malignancy eventually will develop, usualh starting as squamous cell epithelioma in situ 
The conditions are all interrelated bv their comtnoti histologic picture and hence, a possible 
common carcinogenic factor They arc not to be confused with the relatively rare 
epithelioma in lesions of lupus vulgaris or other benign dermatoses such as psoriasis and 
lichen planus Precancerous dermatoses also roust be distinguished from various conditions 
which result in the histologic picture of pseudoepithehoniatous hyperplasia The incidence 
of epithelioma associated with lupus erythematosus oi with scars from burns or other causes 
Will varv up to 10 per cent in cases of «uch involvement but the senile cutaneous changes, 
the age of the patient, the situation of the lesions, mcludin,, the factors of repeated trauma 
and irritation, and the previous treatment emplovel must be considered In many cases of 
precancerous dermatosis, histologic transitions between a benip,n and a malignant process mav 
be seen in the same section 

The peculiar or distinctive and predominant Iii'-tologK feature of epithc’ioma m situ 
with the phenomena of Bowen’s disease, together with their lelativolr long duration as such, 
Without clinical or histologic evidence of malignant inva ion justify the grouping of true 
Bowen’s disease, senile keratosis, kerato-is resulting from ar enic tar, and radiation and in 
most cases leucoplakia of the mucous membranes unler tie title precancerous dermatoses ” 
If the term ^‘precancerous dermatosis’' is used in the bimted sense defined it has a definite 
meaning both clinically and pathologically and is of value from the standpoint of prognosis 
and treatment until more is known about the cau'-c of cancer The term “precancerous 
dermatosis,” however, should not be u«ed loosely when the pathologist is in doubt regarding 
the clinical or histologic picture despite the fact that at present there is no general agree 
ment regarding the distinction between cancer and prccanccrosis of the skin 

BAGET'S disease, Extramanimary and Ditraepidennal Carcinoma pinkus, H, and 
Gould, S E Arch Dermat A Svph 39 479 1939 

A discussion is gi\en of the nature and pathogenesis of the disease reported in the 
literature as extramammary Paget’s disease 

Three cases are presented which offer, respectivelv clinical, histologic and clinical 
and histologic features of Paget's disease 

Criteria are discussed bv which Paget’s disease can be differentiated from similar 
diseases (Bowen’s disease, cry’throplasia, and superficial epidermoid carcinoma) 

In accordance with the views of previous autliorh Paget s disease of the nipple is defined 
as the expression of a more or less well balanced symbiosis of the epidermis and an epiderrao 
tropic strain of cancer cells of mammnrv origin 

It IS proposed to designate the interesting and unique biologic phenomenon of symbiosis 
of epidermis and “Paget cell” as the “Paget phenomenon ’ 

On the basis of this biologic conception it appears justifiable to include as instances 
of Paget’s dermatosis all those cases in which the Paget phenomenon is present, Paget’s 
disease of the nipple being only its most frequent and best known example 

Extramaramary Paget’s dermatosis is due to the intraepidermal spread (a) of carcinoma 
of the apocrine glands (and perhaps of other cutaneous glands), (b) of carcinoma of mucous 
membranes bordering on the skin, and (c) possibly of melanoblastoma 
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LAtTGHLEN TEST, Inadequacy of the, and the Ide Test in the Diagnosis of Syphilis, 
Elood, J. M., and Mayer, V. Arch. Dermat. & Syph. 39: 510, 1939. 

A comparative studj' of the Laughlen and the Ide tests ivith the Kline, Kahn, and 
Kolmer tests is presented. 

Tests were performed according to directions supplied by the distributors of the i 
antigens. 

The Laughlen and the Ide tests are less specific than the three standard tests usei 
The Laughlen and the Ide tests are inadequate for the serodiagnosis of sjphilis. 

The Ide test is satisfactory for the examination of spinal fluid, but the Laughlen test ' 
grossly fails when the spinal fluid is not concentrated. 


BLOOD, Preserved, Citrated in “Banks” in Eelation to Transfusion in the Treatment of 
Disease, With Special Eeference to the Immimologic Aspects, Kolmer, J. A. Am. J. 
Med. Sc. 197: 443, 1939. 

While sodium citrate is slightly anticomplementary, the complement of citrated (0.35 
per cent) human blood, kept at 4° to 6° C., was well preserved for periods of from fourteen 
to twenty-one days. The same has been found true of undiluted citrated guinea pig com 
plement, kept at 2° to 4° C. 

The bacterial actiauty of normal citrated human blood, kept at 4° to 6 C. for Stciph.^ 
aureus, beta hemolytic streptococcus, and B. coli, decreased after seven to twentyone day. 
preservation. 

The phagocytic activity of the neutrophiles of preserved citrated human Wood, 
at 4° to 6“ C. for Staph, aureus, beta hemolytic streptococcus, and B. eoii was 
duced within seventy-two liours after collection of blood, becoming markedly so on or a 
fifth day, followed by almost total absence of phagocytic activity on and after ! ® 
day of preservation. Tliis may have been due to deterioration of normal opsonms 
mostly due to autolytic and degenerative changes in the leucocytes. ^ 

The erythrocytes of preserved citrated human blood, kept at 4 to 6 
evidences of swelling and debemoglobinization as early as forty-eight hours after co^^ 
with progressive degenerative changes up to fourteen day.s, when at least 30 per cc 
shadows, swollen and fragile. , . 

The neutrophiles of preserved citrated human blood, kept at 4 to 
deuces of disintegration nith reduction in numbers as early as ' /j^inger 

collection, with progressive disintegrative and autolytic changes up to fourteen 
intervals of preservation not being employed). distinct 

The platelets of preserved citrated human blood, kept at 4 to 6 C., detcriora- 
clumping immediately and twenty-four hours after collection, with days 

tion in the latter. At the end of forty-eight hours they' became scarce, an a 
only blue chromatin masses remained. ^ g* 

For reasons discussed it is believed that citrated human blood, pre.serr jgjtora- 
C., may be useful in the treatment of acute hemorrhage and shock for dyscrasias or 

tion of volume, but is inadvisable for the treatment of the anemias, the oo 
infections, and certainly should not be employed for these purposes after 
preservation. 


T "Nl A* 

anemia. Sickle Cell, The Erythrocyte in, Diggs, L. W., and Bibb, L • • ^ ' 

695, 1939. 


Little information is to be obtained from the literature concerning 


the sediment"'’'’" 


velocity of erythrocytes in sickle-cell anemia. The sedimentation ra e plood 

for 23 patients in our series. The total number of determinations was for one 

and 5 c.c. Cutler tubes were used; the readings were made at fl'C minu 


lined 
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hour In four instances the sedimentation rate was 5 mm or less in one hour, and in 14 
instances the rate was less than 10 mm in one hour Eepe ited examinations of the sedi 
mentation rate for the same person at different times re'ealed %anahle rates, although 
the degree of anemn did not significantlj change Increased rites could usually be explained 
by some demonstrable abnormalitj, such ns active tuberculosis, salpingitis, or badly infected 
ulcers of the legs, but in some cases there was no obvious cause for the incieased rate The 
fact that the sedimentation rate nnj be normal in spite of severe anemia indicates that the 
increased rate in those cases i«i due to some complication whether it is clinically demonstrable 
or not Since the sedimentation rate maj be normal in the presence of marl ed anemia, it is 
obvious that conection factors based on the degree of anemia are not applicable m this 
disease 

TUBERCULOPROTEIN, Specific Effects of. Cotper. H J , and Cohn, ML JAMA 
112 403, 1030 

Specific immumU against infections with \imlent human tubercle bacilli could not 
be produced bj Seitz filtrates from cultures of airulcnt human tubercle bacilli, bj highlj 
concentrated (ultradial^sis) filtrates, or b\ the precipitated tuberculoprotem or alum 
treated filtrates 

The highl) concentrated filtrates, or precipitated tuberculoprotem, possess no appreciable 
pnmarj toxicity for normal animals 

A pnmarj intravenous injection of large amounts of normal Seitz filtrates, highly con 
centrated (bj ultradialvsis) filtrates or precipitated tubcrculoprotim from these filtrates does 
not sensitize to a second mtracutaneous injection with a fairh large test dose (0 1 mg ) of 
either filtrate or tuberculoprotem A reaction to tuberculin can be obtained, however, m a 
tuberculous guinea pig with as little as 0 000005 rag of the ®amc material 

A primary intravenous injection of about 2 mg of tuberculoprotem in an> of the fore 
going forms sensitizes guinea pigs to a lethal intravenous provocative dose (anaphjlacticaUy) 
of as little as about 1 mg of the tuberculoprotem m these forms This confirms the studies 
of Zinsser, who worked only with large amounts of bacillarj extracts and showed a striking 
difference between cutaneous and anaplij lactic reaction* 

To produce cutaneous hj’per'ensitiveno** to tuberculoprotem requires a small amount 
of avirulent human tubercle bacilli (a tubcicle forming do'c), a large amount of heat killed 
tubercle bacilli (around 100 mg), and verj small amounts of virulent tubercle bacilli With 
the latter, the factors of multiplication and tuberculous involvement complicate the picture 
There is a striking quantitative difference between the specific immune and the eon 
comitant allergic or anaphjlactic features of tuberculosis which will eventuallj have to be 
given independent consideration in the complete evaluation of tuberculosis in man, since one 
IS protective and the other shows a peculiar tj-pc of still unsolved intoxication 

®ONE MARROW Sternal Marrow of Children m Normal and Pathologic States, Vogel 
I', and Bassen, F A Am J Dis Child 57 245,1939 

The following method was used for the studj of sternal manow 

The skin over the upper portion of the sternum was prepared with iodine and alcohol 
The site usually selected for puncture was at the level of the upper border of the third 
vib m the midhne of the body of the sternum In infants and in joung children, however, 
the manubrium was found to be preferable for aspiration, the reason being that this portion 
of the sternum is thicker and, therefore, safer for penetration, at the same time tending to 
ffx the needle more firmly No anesthesia was necessary The sternal plate in children 
is so thin that pain is onlj momentarv A i“ch (127 cm), 18 gauge lumbar puncture 
iieedle was inserted into the marrow cavitj at an angle of about 45 degrees, with the point 
'directed ceplnlicallj For cluldren under 1 >ear of age a 20 gauge needle of Vi inch 
(0 C4 cm ) length is preferable 
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EFFtrSIONS, Malignant Cells in Serous, McDonald, J. E., and Broders, A. C. Arch, Path 

27 : 53 , 1939 . 

Examination of the sediments obtained from effusions is of definite value in patients 
in whom malignant growths involving serous cavities are suspected. 

Smears made from the sediments of fluids are as efficacious in studying cellular detail a? 
paraffin sections. Cells with eccentric nuclei and clumped ceils are of iiffie value when one 
is determining the nature of serous effusions. 

When malignant cells can be identified definitely in serous effusions, the diagnosis of 
malignant growth carries a high degree of accuracy. 

The technique used in examination of these specimens was simple. Prom 20 to 40 cc. 
of fluid was centrifuged for fifteen minutes at approximately 1,800 r.p.m. When possible, 
the last portion of fluid withdrawn from the cavity was chosen, although frequently a 
choice could not be made. The fluid was centrifuged immediately after removal, becau'c 
the clot which forms after standing interferes with this method of examination. The 
centrifugate was smeared rather quickly on clean glass .slides and was allow'ed to dry in 
air. The slides were immersed in solution of formaldehyde U.S.P. (diluted 1:10) for twehe 
or more hours. The smears then were stained with hematoxylin and eosin, carried through 
the alcohols, carbolxylene and xydene, and mounted in Canada balsam. 

Entrance into the marrow cavity of an older child was recognized when there was s 
sudden give of the needle, which indicated the penetration of the outer table of the 
sternum. A tight-fitting, dry, 5 to 20 c.c. syringe was attached to the needle after the 
stilet was removed, and about 0.1 or 0.2 c.c, of the marrow fluid was withdrawn; counts of 
the nucleated cells and one of the megakaryocytes were then made from this drop, using 
a 2 per cent solution of acetic acid. This technique minimized tlie admixture of bloo3 
and trauma of the marrow cells. The characteristic suction pain was almost negligible- 
The smears were stained with a combination of the Tenner and the Giemsa methods, an 
a differential connt of at least 500 nncleated cells was made. Wlienever possible sma 
fragments of marrow were teased out with a Hagedorn needle and gently spread across 
the slide. Study of these tliick smears furnished a better idea of the distribution an 
cellularity of the material aspirated. In addition, a small quantity ivas placed in a sma ^ 
test tube and .allowed to clot. When the clot was firm, Zenker’s solution and 2 drops o 
acetic acid were added. After two hours of fixation, the clot was washed with 
and placed in 70 per cent alcoliol. Sections were made in tlie usual manner. 
bone were present, the stained sections revealed tiny islands of marrow' enmeshed m e 
Sections made in this fashion are not as representative as tliose obtained by a regu ar surg 
procedure, but they generally serve the purpose. 

Observations on the marrow' of 41 normal subjects and of 72 subjects with 
types of blood dyserasia and witli other diseases are presented. jcrasia''' 

The sternal marrow' is of diagnostic and confirmatory value in certain blood J 
in other instances it may be helpful in ruling out the presence of dyserasia. 
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Institute for the Consideration of Blood and Blood-Forming* Organs 

Tlie University of Wiscon'^in Medical School will conduct an Institute for the Con 
sidemtion of fho Blood and Blood Fornunp Orfian«s, September 4 G, 193G The program will 
include papers and round table di<5eu'5<?ions bv European and American workers in the field of 
hematologj. In addition to the discussions, the following formal papers will be presented: 

Dr L J. "Witts, Oxford, England, Anemias Due to Iron Doficiencj 

Dr. Cecil J. Watson, Minneapolis, The Porphjnns and Diseases of the Blood 

Dr Cornelius P, Bhoads, New York, Aplastic Anemia 

Dr. E. Meulenprracht, Copenhagen, Denmark, Some Etiological Factors in Pernicious 
Anemia and Belated Macrocytic Anemias 
Dr. Harrj Eagle, Baltimore, The Coagulation of Blood 
Dr. George B. Minot, Boston, Anemias of Nutritional Doficioncj 
Dr. Bussell L. Haden, Cleveland, The Nature of the Hemolvtic Anemias 
Dr. Jacob Furth, New York, Experimental Louccnim 

Dr Claude E Forkner, Now York, Monocjtio Leucenun and Alcucocjtlicnuc Loucenua 

Dr. Edward B. Ivrumbhaar, Plitladelphia, Hodgkin’s Disca-^e 

Dr Louis Iv. Diamond, Boston, Tlio Erythroblastic Anemias 

Dr. Edwin E Osgood, Portland, Marrow Cultures 

Dr. Charles A. Doan, Columbus, The Keticulo Endothelial Svstem 

Prof. Hal Downey, Jlinnoapohs, Infectious AfononiKloosis 

Dr. Paul BezmKoff, New York, Polycvtlieiiua 

Physiemns and others who are interested are < ordialh inrited A detailed program 
mW be obtained by addressing Dr Ovid O Mover, Chairman of Program Committee, Uni 
i*eraity of Wisconsin Medical School, Madison, Wis 


Biological Photographic Association Convention 
The Ninth Annual Convention of the Biological Photographic Association will be 
held September 14 to IG, at the Jlcllon Institute for Industrial Besearch, Pittsburgh, Pa. 
The program will be of interest to scientific photographers, scientists who use photography 
as an aid in their work, teachers in the biological fields, technical experts, and serious 
amateurs It will include discussions of motio^ picture and still photography, pliotomicrog 
^^phy, color and monochrome films, processing, etc , all in the field of scientific illustrating 
Modern equipment will be shown in the technical exhibit, and the Print Salon will display 
the work of many of the lending biological photographers here and abroad 

The Biological Photographic Association was founded nine years ago because of the 
S^ovving need for expert illustrative matennl for scientific research and teaching Many’ 
workers were solving thoir problems in their own way But obviously' they were wasting 
tl^eir time and effort in individually' repeating experiments that had been worked out 
elsewhere The B P A. was formed to act ns a clearinghouse for new ideas, to pool experi 
cnees, to record standard procedures, and to disseminate information Its aims were scientific, 
and all services have been volunteered by oflScers and members on a nonprofit basis 

The BP.A Journal is published quarterly, constituting a volume of about 250 pages, 
and IS furnished free to members Membership privileges include an authoritative question and 
nnswer service; also the right to borrow loan albums and exhibits of scientific prints for study 
nnd display. 

Further information about the Association and the Convention may be obtained by 
^'riting the Secretary of the Biological Photographic Association, University Office, Magee 
Ilospital, Pittsburgh,' Pa. 
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CORRESPONDENCE 


Boise, Idalio, 
Slay 20, 1939, 

The Editor, 

JouRNAX, OF Laboratory and Clinical Medicine. 

Dear Sir: 

Page 891 of j'our ilay, 1939, publication contains an abstract of an article 
by A. E. Platt entitled “Salt Optima in Agglutination,” ivith special reference 
to Brucella abortus, in wliieli the author states that the antigen-antibody optimal 
ratios remained constant for all salt concentrations between 2M/7 and SI/56. 
In this connection, it may be of interest to you to know that in Bang’s disease 
agglutination tests performed in this laboratory a 50M/58.5 concentration of 
sodium chloride was found to give the most complete agglutination, that is to 
say, no hazy reactions. When this concentration of salt is combined with 0.02 
c.c. of a 1 per cent solution of brilliant green and 0.02 c.c. of a 1 per cent solu- 
tion of gentian violet per 100 c.c. of the salt solution, a very satisfactory antigen 
for Bang’s disease is obtained. 

Harry H. Utes 

State Department of Agriculture 
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CLINICAL AND EXPERIMENTAL 


THE EFFECT OF VITAMIN C ON LEAD POISONING 


Harry N Holmes, Ph D , Kathbin Camubelu Oberlin, Ohio, and 
Ed« ard J Ambero, M D Toi edo Ohio 


I N a laige industiial plant Mhcie the lead hazard was gieat due to line 
metallic lead dust fiom filing down lead alloy seams lead fumes fiom melt 
ing pots, and lead contacts fiom putty spiaj guns theic was an exceptional 
opportunit} to diagnose and treat lead absoiption and poisoning 

Four hundred men exposed to lead during their dailj teniiie at the 
plant were examined physicallj, and by laboiatorj methods The latter eon 
sisted of monthly checks on the basophilic aggregation (B A ), of the blood 
smear, according to McCord,* and on the degiec of stippling, using Wright’s 
stain Records of these monthly tests ueie kept throughout the peiiod of 
observation from Apiil, 1937, until April 1, 1938 Duiiiig the last three 
months of this peiiod weekly tests weic lecoided on a cooperative gioup of 
34, all of vvhom had sjmptoins and showed signs of lead poisoning In ad 
dition to the above mentioned tests diffei entials vveie lecorded on the 
Wright’s smear, using the classification of Failey and others,® as used by 
Steinberg* Urinalyses weie not done due to technical difficulties at the 
factoiy 

During the period from Apiil 1, 1937, to Noveinbei 15, 193 1 , the glu 
conate, lactate, and diphosphate salts of calcium were given in the amount 
daily of from 80 to 100 grains to those who showed lead absorption by phjsical 
or laboratory signs In adchtioUf vitamin D (940 units) and vitamin A 
(9400 units) were given daily, using an acci edited fish liver oil 

The criterion used was a basophilic aggregation percentage of 1 3 oi 
greater, abnormal stippling, or bj request of the ill individual Biweekly 
intravenous injections of 10 cc of 10 per cent calcium gluconate, togethei 
With daily oral theiapy with calcium salts and vutamin D,* were given to 

•Dr Bernhard Steinberg Director of Laboratories Toledo Hospital 
Received for publication No\ember 14 1938 
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those whose basophilic aggregation registered higher (3.0 phis). Delrading 
with halides of potassium and ammonia were not done. 

The period of intimate observation of the group of 34 lead poison pa- 
tients upon whom we base this report began in November, 1937. It was lien 
noted that, in spite of the intensive treatment with calcium and vitamin D, and 
the prophylactic measures taken by the plant management to reduce the lead 
hazard, many of the men failed by physical and laboratory standards to 
recuperate. In some, while there was a return to normal in percentage of 
basophilic aggregation and degree of stipiiling, there remained the eoinplaint 
of ill-health, or abnormal cell morphology, or both. 

Most frequent complaints were fatigue, anorexia, sleeplessness, or re.si- 
leas sleep; pains in the legs (gastrocnemius muscles) or in the forearms near 
the elbow; tenderness on deep pressure over the same areas, and irritabilitj’. 
Less frequently, complaint was made of trembling, constipation, sexual im- 
potence, and ioint pam. Observations on these patients consisted mainl.v of 
pyorrhea, spongy gums, and poor dentition in 75 per cent; tremor of varying 
degree, involving fingers and hand, usually bilaterally, and pallor of vaiying 
degree in 50 per cent; weakened extensibility at the wrist in about 10 per 
cent. One of the most striking signs was the surliness encountered in flic 
majority of these subjects. 

Ascorbic Acid Treatment. — One of us (E. J. A.) made the observation that 
the symptoms and signs exhibited by these men were similar to those found in 
subeiinieal sciunw. Ascorbic acid oral therapy was instituted in a group of 34 
patients with chronic lead poisoning according to the folloudng plan : Of 34 
workmen (chronic patients) selected for this novel treatment, 17 were ghen 
ascorbic acid alone (at least two months after discontinuing the calcium sat 
injections), while an equal number continued the calcium therapy and at tic 
same time took tablets of ascorbic acid. 

Ascoj’hic Acid Without Calchan. — In general, the group of 17 patiens 
made a marked gain in vigor, clieerfnlne.ss, color of .skin, and blood pietiue. ^ 
week, or less tliau a week, after beginning the treatment of 100 mg. of ascoi ic 
acid daily, most of the men enjoyed normal sleep, lost the irritability am neu^ 
onsness so common with high calcium treatment of lead poisoning, 
their food more, and no longer had tremors (if observed before). SeNCia caw. 
of leucopenia (probably due to a prolonged calcium therapy somewhat eai le 
were cured by the ascorbic acid treatment. . 

Ascorbic Acid With Calcium. — The gain was less marked and lat mr 
lar in the 17 patients given ascoi’bic acid with calcinm. There was no 
the number of mature neutrophiles in the blood — ^in strange coutiast vi 
rapid gain when ascorbic acid alone was given. 

In several instances alcohol nullified the good effects of calcium as jv^^^ 
of ascorbic acid, a complication that Avorkmen exposed to lead hazart s wovi 

well to avoid. 

CASE REPORTS 


The detailed blood picture and the clinical observations foi 
who' received benefit from vitamin C in chronic lead absorption an 
The blood count was for 200 cells. 
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Clinically Workniau 2 skewed symptoms of chronic lead poisoning, nith tnclmie 
tremor, nervousness, irritability, sleeplessness, and pallor. He tired easily. Oae 
after beginning the ascorbic acid treatment, tremor and pallor were gone. He slept scli, 
did not tire, and was extremely cheerful and talkative. 

Workman S displayed clinically an acute case of lead poisoning in June, 1837, wift 
a basophilic aggregation of 14, strong stippling, etc. Calcium therapy from June to FeV 
ruary, 1938, lowered his basophilic aggregation satisfactorily, bat three weeks after ffis- 
eontinuing this treatment, it increased considerably with return of the symptoms of acnie 
lead poisoning. 

He was then given 100 mg. of ascorbic acid daily for sixteen days and his basophilic 
aggregation rvas again lowered to normal (as with calcium therapy), with no cliaical syap- 
toms of lead poisoning. The morphology of the red blood cells became nearly noraial. 
The man looked well and felt fine. 



House PaUiiers . — The research was transferred to Oberlin to niah® ® ^ 

of ordinary house painter.?. Here it was possible to make analytical detei®’“ 
tions of lead and ascorbic acid in the urine. The dithizone method foi ari 
lead, as described by Ross and Lucas,^ and improved, especially in the use . 
calculation curve, by Miller® and his associates, was xrsed. 

For the determination of ascorbic acid in urine the s 

dye, 2.6-dichlorophenolindoplieuol, as described by Harris and Ray, or 
was used. We found it necessary to devise improved methods of 
ttventy-four-honr specimens of urine in order to prevent the usual 
losses of vitamin C (ascorbic acid) by oxidation. The detads are 
another paper. Tests with a number of healthy people convince us 
common estimate of an average daily urinary excretion of 15 mgr- o 
0 is too low, due to this oxidation loss, and that 25 mg. to 35 mg. J 
average for healthy persons. 


HOLMES ET AL. : EFFECT OF \7TAMIN C ON LEAD POISONING 1123 

Of 14 painters observed, clinieall^' and bj' differential blood count, 2 were 
rated by clinical examination as cluoiiit* lead absorption patients, and the blood 
pictures added 5 more Three of the 7 patients refused to cooperate further; 
hence ue selected only 3 for studj and tieatment Se^cn of the 14 picked up 
at random showed enough absorption to call for tieatment or greater pre- 
cautions 


case reports 

Case histones of 3 painters are here gnen The final brief dclcading vas done by Dr 
A C Siddall, ■v\ho gave somewlnt more po*a'’9iiim iodide than u«iial In order to demon- 
strate more convincingly tlic ^alue of a diet rich m \itnnim C for men e\po'ed to lead 
hazards, ire defernnned the urinan lead and iifanim r* of 2 more painters and gave them 
a brief deleadmg treatment. Furthermore, we dcteinimcd the Uiman Mtaniin C and lead 
of another painter who for manj jears had strc‘«<5cd fruits, \cgetables, and milk in lus diet. 

Clinically the first painter and spraicr, who exhibited 5.jmptoms of chronic lead 
poisoning (plijsician’s report) responded quicU> to a«corbu icid treatment. After four 
days, he felt laz} and alcopy but not tirel Then he quicUv changed to “feeling line,“ 
ready for work, and fresh at the end of a hard daa ’a woik At the same time there was 
a decided improvement m his blood picture IIis unnarj lead quicklj fell to nearly normal, 
and lus ascorbic acid excretion rose from 15 mg i»er tncnt\ four hours to the very high 
value of 51 mg. 
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Climcally Painter 2. was rated by one of us (E J A ) as showing symptoms of 
chronic lead poi'soning, even to a slight lead line on the gums IIis teeth were bad and 
he tired quickly. 

Two days of ascorbic acid treatment made him lazy and sleepy After three weeks 
of ascorbic acid, he felt fine and energetic at the end of a hard clay ’s work His family 
noted the change from irritability to cheerfulness 

Urinary lead excretion fell from 0 4 rag pei liter to about 0 1 mg Ascorbic acid in 
twenty four hours’ urine ro«!c from 12 mg to 80 mg 

Clinically Painter 3 seemed to one of us (E J A ) to be m good health, showing 
^0 signs of lead poisoning and having no complaints. During the period from May 
5 to May 23 Jus blood picture was not reassuring and plans were made for ascorbic acid 
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Painted 2 

Ascorbic Acid Treatment Continued Through Deleadixo 


DATE 


1938 
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Julv 7 
July 1-1 


July 28 
July 29 

Aug. 9 


Basophiles, 27ti Aug. 9. None on other dates. 

Monocytes. 0 May 5. 0 July 7, 2% July 14, 29<> July 2S, 0 Aug. 9. 

treatment. Urine examined for lead showed 0.5 mg. per liter (as compared to the average 
man’s 0.085 rag.). Vitamin C excretion per twenty-four hours was very lo", being on, 
10 mg. 

Two weeks of ascorbic acid treatment decidedly improved his blood picture and astonh^^^ 
ingly lowered the urinary lead to 0.18 mg. per liter. Ascorbic acid e.xeretion ro.c 
level of 31 mg. daily. 
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Fainter 5 . — The son of Painter 4, Painter 5 was brought up in the same dietan 
tradition as Ms father. He was in excellent health and painted for several jcars. He 
excreted 0.16 mg. lead per liter of urine. After six days of deleading with ammotfram 
chloride (80 grains daily), his urinary lead excretion fell to 0.05 mg. He was comfortable 
during doleading. The usual ritamin 0 excretion had been 40 mg. per twenty-four hours 
urine. 

Painter 6 . — ^Painter 6 was a house painter who for fifteen years faithfully applied the 
dietary teachings of a religious organization and lived on a diet exceptionally rich in frails 
and vegetables (many raw) and milU. He was in excellent health and possessed a good 
blood picture and a very good vitamin C excretion of 37 mg, per twenty-four hours. His 
lead excretion was 0.215 mg. per liter after four days of deleading with potassium iodide. 

His wife on the same religious diet excreted 50 mg. of vitamin C per twenty-tour 
hours, but in her case the effect of lead on vitamin C was not a factor. His pastor, a 
painter for thirty' years, also living on a diet excejitionally rich in fruits, vegetables, and 
milh, enjoyed splendid health, and excreted only 0.13 mg. lead per liter in spite of bis 
painting. 

DISCUSSION 

Administration of 100 mg. of vitamin C daily to each of 34 workmen 
exposed to factory lead hazards (and diagnosed as siilfering from lead absorp- 
tion) in geireral decidedly improved their blood picture and their health. Symp- 
toms characteristic of chronic lead absorption usually disappeared. It seems 
reasonable to suppose that toxic lead ions ivere removed to a considerable extent 
from the blood stream. Calcium gluconate or lactate does this by storing the 
lead in the bones, presumably as lead phosphate. Experience shows some draw- 
backs to long-eoutinued high calcium medication ; hence bone storage should be 
followed by cautious deleadiug, with a respite from lead absorption. 

A more detailed study of 3 house painters, diagnosed as suffering from 
chronic lead absorption, strongly reinforced tlie conclusions drawn fiom tie 
factory experiments. The observation tliat 200 mg. daily of vitamin C as a 
dietary supplement decidedly lowered the urinary excretion of lead is aston 
ishing. With it goes another observation that men actually suffering roin 
lead absorption excrete less vitamin C in the urine than does the average mai'- 

It is difficult to escape the conclusion that toxic lead compounds leact 
with vitamin C to form a poorly ionized salt (lead ascorbate?) or a compel 
salt which ydelds a very low concentration of simple lead ions. If solutions^ 
lead acetate and vitamin C are mixed in a test tube, no precipitate is obsene > 
hence the product is soluble, not to be precipitated in the bones. Can lO 
addition of sodium hydroxide fails to precipitate lead hydroxide or oxv 
normally termed insoluble. 

This view of removal of toxic lead ions by reaction with ascorbic a^^^^ 
to form soluble, but poorly ionized, salts or complexes is strengthene 3 
observation of GreeuwakF on the remarkable influence of 
the dissociation (and solubility products) of calcium phosphate and 
other calcium salts. He is of the opinion also that calcium gluconate,^ ac 
and citrate foi'iu complexes with calcium ions. Hastings and McLean o 
parallel in the fact that citrates loiver tlie concentration of free ca eium 
through formation of a soluble complex. (ji-ank 

In an excess of enthusiasm over the good diet, one of onr painteis 
a pint of milk for five days before starting the ascorbic acid trea ni 
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His Mtaram C eNCietion, pieMousl^ oiilj 10 to 13 mg , qiucki} rose to 25 mg 
and, after lie discontnuied Iiis daiJ^ pint of inillc, qmcJJj feJl to 15 mg A 
similar obsei%ation ^\as made -with anothei pamtci EMdentlj sufficient 
dietarj calcium spares Mtamni C m the bodj of a man siiffeiing fiom lead 
absorption, piobablj b^ forcing some of the lead into the bones as lead 
phosphate 

A natural feai aiises that if ascoibic acid thciapj reduces uiinary ex 
cretion of lead this lead must be stoied some\vIieie in the bod^, to be leleased 
later m toxic foim in the blood stieani as dietaii oi othei conditions change 
This was not tine of foiii m fi-\e local house pamteis nho eiijojed se-\eial, 
e\eu maiij, jeais of excellent health ^\hIlc painting, CMdentlj because of a 
diet that we knon to be extiemeh luh in \jtamm C U anj late, we found 
that thej excieted moie of tlm \itamm than does the a\eiage healthj in 
dnidual 

Judging from the statement b\ Sollnian on deleading with potassium 
iodide, it seems a fan assumption that the compound foinied b-v ascoibic acid 
and toxic lead lous is piefeientialh absoibecl tlie Inei and, with the aid 
of the bile, excieted in the feces We hope that otheis mteiested in this 
research will deteiuune this quantitatne ani]\sis He® wiites “Benal 
excretion of lend depends diiecth upon tlie lead compounds ciiculating at 
the time m true solutiou in the blood The inei eased excietion (of lead) 
through use of potassium iodide has been noted h\ pieMous woikeis, although 
others ha\c failed to coiifiim it, chieflt because the\ confined themselves to 
the urine while the exeietion is niainh in the faeces The iodide causes the 
reippeaiance of lead m the faeces fiom wiiieli it had been absent " 


Kote-^jijx extra 50 mg more or 
4 oz fresh orange juice 
4 oz grapefruit 
4 oz rw cabbage 
2 oz raw spinach (salad) 

4 oz spinach, coohed in least possible ^ 


of Mtannu t i furnished approximately 

1 oz raw green pepper («!alad) 

S oz tomatoes whole or juice 
8 oz cantaloupe 
4 oz raw turnips 


In general, fresh fruits and \egctables (and canned tomatoes) are verj good sources 
of Vitamin C, but the average worKman will find the above list definite and practical On 
a limited income even raw cabbage and turnips with canned tomatoes are possible as sources 
of 50 mg Or 100 mg vitamin G daily 
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A COMPARISON OP TESTS FOR INSULIN SENSITIVITY* 


Paul H. Burgert, M.D., Walteb H. Nadlee, M.D., and Ruth Stott, A.B. 

Chicago, III, 


T he use of insulin early disclosed variations in response. Radoslav* in 1924 
studied the effect of 20 units subcutaneously in 29 fasting patients wth 
diaiietes as well as in normal individuals and patients with renal glycosuria, and 
proposed this test for differential diagnosis. The fall in blood sugar ranged 
between 34 and 77 per cent, and was most marked when the original blood sugar 
was high. Intravenous insulin, 10 units, was given in several cases as a check. 
One patient with diabetes exhibited resistance to insulin ; 20 units subeutaneous j 
and 10 and 20 units intravenously produced little effect even though the origiaa 
level was higli, Falta and his associates continned tliesc studies and in his mono 
graph published in 1936, Falta=' based his discussion on the classification of 
diabetic patients as sensitive and resistant to insnlin. In 362 patients, 3 . per 
cent were sensitive, 51.4 per cent were I’esistant, and 14.4 per cent were in 
termediai’y, but resembled the resistant persons. Obesity was more t an wic 
as frequent in resistant and intermediate as in sensitive patient.?. . ^ 
MacBryde® in 1936 reported similar tests to be of value as an in c-x 
dietary management. Fifteen patients fell into one of two groups insinn scir 
tive patients failed to gain tolerance with a higher carbohydrate diet, w ii e 
lively resistant eases gained tolerance when the carbohydrate 
increased. HimswortlP in 1936, using an insulin-glucose test an^ 
both arterial and venous blood sugar samples, also obtained tw'o distmc 
curves, but reported contrary conclusions. Classified according to i^^ 
insulin sensitive patients were able to utilize large increases in cai oi 
ivitliout additional insnlin, whereas insensitive persons ivere unable 
contradiction in results reported by tliese rvriters has, as stated by i ® 
lias reviewed the subject in detail, only added to the existing con usion. 

Our experience with the Himsworth test in 9 patients® had revea e s 
differences between typical curves of two types and had suggeste a 
mediate curves might be obtained. In general, the clinical conclusions 
worth as to the effect of dietary changes rvere supported. ^ In 
14 patients who liad been classified as to insulin sensitivity by ' Svibse- 
method w’ere tested by the intravenous insulin method of I'lac rj g^jjod- 
quently 13 of these patients were examined by the subcutaneous msu i 

PKOCEDUKE 

The test described by Himsrvorth w'as used AHth only 
Capillary and venous blood samples were drawm from fasting ;js per 

to be stabilized after months or years of treatment. Regular insu m, 
square meter of body surface, as determined from a nomogram, was 

•From the Department of Medicine, Northwestern University Med'eol Sc 
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jeeted intravenously, immediately afterwaids 30 gm of de\tiose pei square 
metei of body surface Meie gnen bi mouth Venous and capillaiy blood samples 
vere obtained at inteuaLs of fi\e, ten thnt\ forty, ^ift^, and sixt's 

minutes aftei ingestion of devtiose 

The insulin tests of Radosbu ueio peifoimed as deseiibed by MacBiydc 
With tlic subcutaneous method, spcemiens of capillan blood ucie e\amined 
houily foi lour iioius aftci the injection into the fasting patient of 1 unit of 
insulin per 10 pounds of bod\ eight Tlie pei cent of fall in blood siigai fiom 
the fasting le\cl to the louest point obsci\ed uas computed "With the intia 
venous method, ^5 unit of insulin pei kilogiam bod^ weight was gnen in the 
fasting state, and capillan blood samples weit diawn ctoii fifteen minutes foi 
one and one half hours 

Blood sugar determinations weie made b\ means ot a modification of the 
Folin "Wu micromcthod " Duplicate tests weio made in neaih all instances 

Table I 
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RESULTS 

Clinical data coiiceining the patients studied appear in Table I Thou ages 
ranged iioni 16 to 57 yeais In all patients e\cept 2 the diabetes had been 
ti Gated for at least thiee jeais Only 2 patients were o^ei weight, 6 wcie undei 
weight within 10 per cent, and 3 o\ci 15 pei cent Definite clinical aiteiio 
sclerosis was picseiit in only 2 cases Two patients ga^e a histoiy of leexurent 
hay f e\ ci Patient 7 w as a daughtci of Patient 8 The cai bohy di ate allow anees 
ranged from 110 to 215 gm and aveiaged 154 gm The diets weie adequate in 
piotem content and in calories All the patients had been tiested w ith protamine 
zme insulin foi at least si\ montlis 

Glassification accoidvng to the insulin glucose method of Himswoith and to 
Ihe subcutaneous and inti.ncnous insulin tests of MacBrydc is listed in Table II 

The Himsworth test showed striking differences between insulin scnsitnity 
and insensitivity in the majority of cases In se\eral instances the arterial 
and lenous blood sugai curies, weie not tipical in eioii lespeet, but thei showed 
general cliaiaetcristics cithei of sensitnity 01 insensitmty In 14 'patients the 
Uxmswoi ih jnethod showed 5 sensitive and 9 insensitive 
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IVitii the insulin toleianee tests used bj JlacBijde, inteipietation and 
classification iveic often difficult because of the lack of a definite point of 
demarcation between the peiccntages of fall in blood sugai of sensitive and 
relatnclj resistant cases The langes of pciccntage fall in blood siigii lepoited 
by JlacBrjde in 15 cases ueie aibitiaiih chosen as a standaid of diffcientiation 
Percentages Ijing hetucen these lc\els were classed as hoidei line In our 
senes the mtiavenous method tended to dcmonstiatc scnsitieitj to insulin in 
most cases In the 14 patients tested theie nas onh one patient (No 14) uho 
was insulin resistant This patient showed a much greatei degree of lesistance 
than anA othei icpoited hi MaeBijde and ciidenth was sinulai to the one 
patient found by Radoslae In the li patients classified accoidtng to the in 
travenous MacBiydc method, 10 uoc insulin sinsitiic, j wcic boidct line, and 
one was insensitive Tito of the hot dci line patients iciijcd touaid sensitivity 
and one toiiai d insulin icsistancc The definite!} lesistant case was also lesistant 
inth the othei methods One Himswoitli sensitn peison (No 2) showed, with 
the intravenous JlacBrjde test, a diop in blood siigir level onh shghtlj above 
the lange lepoited by JlacBiydc in 3 icsistant patients Of 9 Ilimswoith in 
sensitive patients, sensitivity to insulin uas induated in 0 by the intiavenous 
llaeBryde method 

The subcutaneous insulin tolerance test was compared with the Himsvvoith 
test m 13 patients irit/i the subcutaneous MucBnidc method, 7 patients weie 
sensitive, 5 were insensitive oi “iclatiielij icsistant, ’ and one uas holder line 
verging on lesistance Of the 5 Ilimswoith sensitive patients, 4 weie sensitive 
according to the subcutaneous MacBiijde method, tilnle one was insensitive 
Of 8 Himsworth insensitive pet sons, 4 weie likcuisc insensitive by means of the 
subcutaneous MacBiydc test, one botdciline patient was iclatively lesistant, 
3 patients were sensitive 

A comparison of the results of intiavenous and subcutaneous insulin tolei 
ance tests was made in 13 patients As pieviousl} indicated the former method 
showed 9 sensitive, 3 bolder line, and one very lesistant while the latter showed 
I sensitive, 5 insensitive, and one boidei line Of the 9 patients sensitive to 
insulin by the intiavenous method, only 5 showed computable sensitivity to the 
subcutaneous test Thice patients insensitive accoiding to the subcutaneous test 
were definitely sensitive with the intiavenous method, one patient was insensitive 
with the subcutaneous and bordei line, leigitig on resistance, with the Ultra 
venous test 

In general, although all three tests usuallv indicated sensitivitj in patients 
who had CNperienced many insulin reactions, tlicio were evceptions to this rule, 
notably Patient 12 This patient had a severe, unstable diabetes of 14 yeais’ 
duration, insulin reactions were ficquent The Himswoith test disclosed insensi 
tivnty to insulin, while the JlacBiyde tests indicated sensitivity One patient. 
No 14, CNhibited undoubted lesistance to insulin by all tests Disagreement with 
the Himsworth test by the other tests was most fiequent m cases of Himsworth 
msensitivencss While disagreement between the two JIacBrvde tests seemed 
due mainly to uncertainty as to the degree of relative resistance, other differences 
are not so readily^ explained Tor example. Patient 9, an undernourished woman 
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of 35 years with constitutional inferiority, was insulin insensitive both bj- tk 
Himsworth and suhentaneous MacBryde methods but definitely sensitive mtli 
the intravenous j\IacBryde test. 


DISCUSSION 


The following factors might influence the results obtained ; the fact that tlie 
tests were made on ambulatory patients ; the general condition at the time of 
the test ; the time intervals between examinations ; the carbohydrate content of 
tlie preceding diet; the use of protamine zinc insulin, including an injection 
twenty -four to twenty-six houns before each test ; and the level of the fasting 
blood sugar. 

Slost of the patients had previous hospital education. Although in several 
patients the diabetes was unstable, in all of them the disease had for montiis 
been under good, or fairlj* good, control. They were apparently well and with- 
out complaints at the time of the tests. During the weeks or months between 
tests, the diet and insulin dosage were practically unchanged. The earbobj dratc 
content of the diet, within the range of 110 and 215 gm., employed in this group 
of patients, was apparently not a factor. Patient 7, a juvenile with diabetes, 
receiving 183 gm. of carbohydrate, was Himsworth insensitive as washei^ atvd, 
tlie subcutaneous hlacBryde tost gave a borderline response, while the mtrav 
nous method indicated sensitivitj’- to insulin. 

The use of protamine zinc insulin np to twenty-four hours piecedhio t e 
tests may undoubtedly have influenced the results, predisposing to 
in a number of cases. This factor was studied in three patients. In a 'C" ^ ^ 
sensitive to all three tests, a fasting blood sugar of 67 mg. per 100 c.c. e 
per cent to 31 mg. after ninety minutes of continued fasting. Patien ' ^ 
ever, also sensitive to all three tests, had a fasting bloody sugar 
mg. per 100 c.c., and one hour and tliirty minutes later a fasting leve o 
Patient 12, Himsworth insensitive and MacBryde sensitive, shove a ‘ 
only 12 per cent (from 220 to 193 mg. per 100 c.c.) after one hour 
minutes of continued fasting. It seems evident that the use of 
insulin prior to examinations could not be entirely responsible for t le e^ ^ 
ing results of the various tests used. In particular it is difficult to exp aii 
blood-sugar lowering effect, possibly prolonged for more than tventj 
could be a factor in promoting the insulin-resistant responses. 

The fasting blood sugar level is undoubtedly an important, 
determining, factor in influencing the percentage of fall following e ^ 
of insulin. This was eleai-ly recognized by Padoslav. The high peic 
drop in blood sugar noted in Patients 2, 3, and 6, after the tbe 

tion of insulin, is probably explained on this basis. In Patient fasfia" 

intravenous SlacBryde test revealed no comparable fall even thoUc i 

blood sugar was high. _ lassific^'" 

Holcomb and Holcomb® have used the JlaeBiyde test as a basis o ^ 

tion in 7 patients. Six patients with high fasting blood ranced 

precipitous drop; on computing the percentages of fall the vana i 
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from 15 to 75 pei cent, ivitli 3 nndei 55 per cent Tlie one patient considered 
insulin “toleiant,” oi lelatneh lesistant, showed a diop of 60 per cent (fiom 
about 160 to 60 mg pel 100 e e ) It is impossible to accept tins ease as one of 
“losistaiice” to iiisiilin 

It seems plain fiom oui data, and it is leeognizcd In Palta, that hordeiline 
cases occur when insulin tolciance tests aie used Klatslnn” applied the sub 
cutaneous MacBi sdetesttoSO diabetic patients and found w ide i ariations in the 
percentage fall of blood sugai, ranging from 30 to 85 pel cent Using a diop of 
60 per cent as a dniding line, no iiatuial cleavage between insulin sensitivitv and 
resistance could be made out, and no significant relationship between sensitivitv 
and response to high earbohvdiatc diets could be dcnionstiatcd Soshin and 
lievinc'” have repoitcd the lepioduction in the same completelv depancreatized 
dog, at different times, of both tjpes of diabetes Hepatic inpuv icvorsed the 
sensitive tvpe of ciuve Thev conclude that the significant diffeience between 
insulin sensitivitj and lelativc icsistancc depends upon the functional capacitv' 
of the livei 

The Himswoitli test has demonstrated insensitive tvpes of curves in unusual 
cases of diabetes One of oiii patients with aciomegalj and diabetes (not in 
eluded in this senes) showed, hefoic ficatment of the diabetes, an intermediate 
curve with the gcncial charaetciisties of lasciisitivitv tliiee weeks latei, aftei 
treatment with diet and insulin and aftci in idiation moie tvpical insensitive 
euivcs vveio obtained Flaum" leported that insensitive tvpes of euivcs were 
obtained in the studv of diabetes associated with aciomegalj and suggested that 
the phenomenon of Himsvvorth insulin insensitivitv when seen in diabetes un 
complicated bj obvious ondociine dvstiinction iiiav possiblv be due to hvpei 
aetivitv of one oi moie of the cndociinc glands Maible** repoitcd Himswoitli 
mscnsitiveness in a diabetic rcquiiing vciv laige amounts of insulin without 
demonstrable e\planation of this peciiliaiitv His patient had insulin icactions 
Patient 12 in oui series, although insulin insensitive is an unstable diabetic 
person who has fiequent icactions According to Himswoitli, the lesponse to 
the test IS not dependent upon liver function The question aiises whether this 
test lb also leversiblc Patient 12 was uninistakablj insensitive on Dccembei 2, 
1937 About ten months latei the response was inteimediate in that the arteiio 
venous differences had widened eonsideiablv , the ciiivos vvcie, however, still ot 
the insensitive tj pe 

de AYesselovv and Griffiths,’^ instead of the Himswoitli test, gave to a senes 
of normal and diabetic patients 5 units of insulin iiitravenousb and 50 gni of 
glucose bj mouth, and tested capillarv blood sugai in the fasting state ind aftci 
thirtj and sixtj minutes Results vvcic expicssed as the algebiaic sum of the 
differences between the initial blood sugai and the values thirtv and sixtv 
minutes aftei the insulin injection No evidence of the cNistenee of two distinct 
types of diabetes was obtained Sensitivitv- to the test depended to a large e\tent 
upon an adequate carbolivdiate allowance in the diet It was found bv this test 
that resistant diabetic patients mav become sensitive vvhen put on a high carbo 
hjdiate ration, adequatelv conti oiled by insulin 
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CONCLUSIONS 

1. Comparisons of classification as to insulin sensitivity or insensitivity be- 
tween the Himsworth and the subcutaneous and intravenous ilacBryde tests 
revealed no dependable correlation. In some patients all of the tests demon- 
strated definite evidence of marked insulin effect. Only one patient was anmis- 
takablj’- insensitive by all three methods. The subcutaneous and intravenons 
MacBryde tests did not agree in all instances. 

2. The Himsworth and the insulin tolerance tests evidently do not give the 
same information. The former presents more striking and definite differences 
between insulin sensitivity and insensitivity. The latter methods present diffi- 
culties in appraising degrees of relative resistance ; borderline cases occur. IVitb 
the subcutaneous hlacBryde test the greatest percentage fall in blood sugar 
usually occurs when the fasting level is high. 

3. Classification as to insulin sensitivity or insensitivity should be made 
only' in terms of the particular test used. The possible reversibility ol the 
various tests is discussed. Prom the evidence available there appears to be no 
justification for the classification of diabetes as of two distinct types based solelj 
on sensitivity or resistance to insulin. 
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AN UNUSUAL CASE OP AUTOAGGLUTINATION*^ 


K M ■\VHrFLER, Ph D , II J Gvllvghlr jMD,andC A Stuvrt, PpiD 
PROnOENCr, R I 


C OLD agglutinins oi autoagglutinms occui noinnlly m inan\ human sera 
In ^aiious pathologic conditions, howe\oi, the titei maj be greatlj in 
cieased’ and ma'\ intoifcie uith the usual O A B and AB blood grouping 
tests® AVe cncountcied sucli a case m a louliiu t^plngfol tiansfusion andha'se 
studied it in some detail 

The patient, G G , a uhite female 3S \oirs old uas admitted to the hospital 
December 1, 1937, complaining of a sc\eic cough, weakness and fe\ei She had 
been ill for ^i^e dajs with s\mptonis of uppei lespiiatoij infection, headache, 
and malaise which became piogicssucl} woise On admittance the patient had 
a temperatiue of 102 4° P , a icspiiation and pulse late of 25 and 100, lespec 
tuelj, and showed tjpieal consolidation signs in the light lowoi lobe which weie 
confirmed bj \ raj A pciieaidial fiiction lub and geiieial toxemia with 
e}anosis weie also noted The white blood count was 14 150 with maiked polj 
morphonuclear shift to left The red blood count hemoglobin blood chemistrj, 
and mine were normal Poi thirteen da\s the tempLiaturc showed high septic 
spikes with conesponding inci cases in pulse and icspiration A pneumococcus 
which could not bo tj'ped was twice found in the sputum but blood cultures 
were eonsistentlj negatnc 0\}gcn high fluid and s^'mptomatlc theiapj were 
gnen The general toxemia increased with ddnium and mnikcd piostration 
On December 10 an x raj examination showed an increased mottled densitv in 
both lower lung fields with no fluid, and an e^cctiocaidiogiam rcAcalcd suggestive 
peneaiditis and mjocaiditis and mvocaidial involvement A transfusion of 
300 cc was given December 14 which was followed bv a fom dav diop of the 
vital signs (temperatiue, lespiration and pulse) A new use in the vital signs 
occurred on Dec 21 with constant pneumonitis in the right and left lowei lung 
fields with a diagnosis of unresolved pneumonia and possible encapsulated 
empjema which yielded no fluid when the aica v\as tapped A second trans 
fusion of 300 cc was given on December 27 without significant change in the 
course of the infection By January 15 the vital signs had dropped to noimal 
With a marked gam in the patienPs general condition and clearing of the lungs 
The remainder of the patient’s course in the hospital vvas uneventful, except foi 
occasional temperature spikes and associated arthialgia The patient was dis 
charged Maich 13 mueh impioved in strength and general condition 

The first attempt at tj^ung was made at loom temperature using the pa 
tient’s unwashed erjthrocjtes Agglutination occuiicd in both the anti A and 
anti B sera as well as in the saline contiol AATien the cells were washed twice 

I ^rom the Biological Laboiatorj of Bro^vn Vmxor-iU and the Rhode Island Ho'-pUal 
Pro\ldence 
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with saline, however, they agglutinated only in anti-A serum and were sal^c- 
quently siibgrouped as Aj type SIN. The patient’s serum agglutinated 0, A,, 
and autologous cells at room temperature to a titer of 320. The reactions were 
completely reversible by warming to 37° C. A group A (A,) donor was seledel 
whose cells were not agglutinated at 37°, but who reacted strongly with the 
patient ’s serum at 22°, and a successful transfusion of 300 e.c. wa.s performni. 
Two weeks later a second transfusion from the same donor was given. 



Teciipera-ture - ° Centigrade 

Fig. 1. — Average thermal curves for agglutination of O, A. B. anti autologous cells 

agglutinins of a human (G. C.) serum. 

Blood samples were taken over a three months’ period and the cold 
glutinin titered at 2° udth autologous, 0, A, and B cells. AH liters arc e.^- 
pressed as the reciprocal of the highest final dilution of serum 
glutination. From 10,240 at the first bleeding on December 13, the titci c 
to 2560 after one week, 160 after three weeks, 20 after seven weeks, a 
three months. These and the following tests were done 
small serologic tubes and a final concentration of 0.15 per cent cells. Inc" 
times were those generally used at the various temperatures.’ 

Sera from the first and second bleedings were tested with aiifologoiis 
and with several 0, A„ A,, and B cells at 37°, 30°, 22°, 12°, and 2°. 1^ ^ 

curves for these cells are shown in Pig. 1. Titers for the autologous ee s 



^\HF^rFR FT AI 


u\usi \r ( \sr oi \fto\ 0 (.i utiwtion 


1137 


sligJitb bnei tliaii aiciages of the othei Aj cells Titcis ioi 0 and cells 
weic the same, and at 30° the seinm showed the piopeities of an a afffflutinin 
since tlic titei for 0 and A 2 cells was foiufold that of the titci At 37° onh 
the anti B isoagglutinin was effeetnc 

T\blf I 
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Altlioiigh tlie autoagglulinin acts on cells ot all -,ioups and is nsiiallj con 
sidoicd nonspecific, specific qualities m this case wcic shown In adsoiption The 
patient s scuim in a 1 5 dilution was adsoibcd at 2° Joi thiee sucecssue times 
Mitli autologous A, 0, B, labbit and sheep ei\thio(\tis and then tested at 2° 
witli the \dnous cells as sliown in Table I In some instances agglutinins weie 
not completeh icmo\ed, but in all cases titcis attei adsoiption were lowest foi 
the homologous cells used in tlie adsoiption Autoagglutinins foi the patient's 
colls (A^) wcie complctel} icmo\ed aftci thiee adsoiptions ^et the soiuin con 
tamed cold agglutinins foi lunnan 0 and B, sheep and labbit cells and also, to 
a slight e\teut, foi otliei A^ cells Siinilai leaotions occiuied iollowmg adsoip 
tioiis witli 0 01 B cells, e\copt that the titei diffei cnees in the ndsoibed seia were 
less maiked Landstcinci^ at an carlj date showed that cold agglutinins which 
bad been adsoibed at low tempeiatuies could be icleased fiom the cell b\ waim 
nig to body tempeiatuic 01 highei B^ this method, piuificd solutions of the cold 
agglutinins weie prepaicd fiom the \arions cells Cells fioin the fiist 2° adsoip 
tioii of the patient's seiuin were washed once at 2° with saline to iemo\e tiaces 
of SCI urn and then eluted at 50° in saline and centrifuged at that tempeiatnre 
Bluates piepaied in this waj fiom autologous A, 0, B, labbit, and sheep cells 
iieie tested at 2° with the -various cells with the results given m Table I All 
elution fluids agglutinated each kind of coll with which tliev weie tested, and 
titei s were much tlie same foi a paiticulai tj-pe of cell icgaidless of the soiueo 
of the eluate The ehiates exhibited no group specificitv and even agglutinated 
eivthioevtes fiom labbits and sheep, species not closoh lelatcd to human beings, 
although these species do have common hcteiogciictic antigens 

COMJIENT 

This patient seems of intcicst because of the uiiusnallv high titci of the cold 
•■'gglutmiu (10,240) When the blood was allowed to clot at room temperature 
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and the serum taken off at room temperature, the titer was somewhat lower 
(2560), probabty due to adsorption of some of the agglutinin, hlaximum titer 
could be obtained only w'hen the serum ivas removed at 37° or higher. The cells 
of the patient reacted as normal cells, except that they were slightly less 
sensitive to agglutination than most other erythrocytes. The adsorption at 
2° also showed a difference between the patient’s cells and other A, cells since 
after adsorption with autologous cells the patient ’s serum still reacted with other 
Aj cells. 

Other members of the patient’s family were examined since there is some 
evidence for familial occurrence of the cold agglutinin." The father, mother, 
brother, sister, and daughter were examined and none of the sera in 1 -.S dilution 
possessed autoagglutinins. This would probably be expected since the potent 
agglutinins of the patient were only^ temporary and diminished rapidly after 
the time of the first test. 

Although autoagglutinins do not seem to be functional at body temperature, 
they are important as interfei'ing agglutinins in blood grouping tests as usually 
done. The importance of the cross match of recipient’s serum w'ith donor’s cells, 
and donor’s serum with recipient’s cells should be emphasized. When unusual 
reactions occur, such as agglutination of 0 cells at room temperature, the re- 
action is probably due to a cold- or autoagglutinin, and a correct tjT™" 
match will be given when the test is made at 37°. One other possibility should 
be kept in mind, hmvever, and that is the case Morzycki'* has described in which 
the blood (A,) was deficient in the human species antigen and the serum con- 
tained agglutinins for 0 and A, cells which ivere functional at 37°. Presumab y 
a group 0 donor ivould not be compatible for a blood of this sort. 
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T ill] late ol jiluconic acid in the .minial oiji:anism is a inattei A\hich is not 
fulh cstabhslied In 189^) SalKimsKi' adtnimsft icd about T pm of sodium 
jilucoiiatc da!l\ to a labbit lot thice oonst<iifi\c dt\s Pentoses did not tippeai 
m tlic mine, and inasmiicli as the mine dunmr tins time uas stion^jl^ alkaline 
and contained little oxalic acid, lu <on(liuh«i tliat tin filncomc acid uas tom 
plcteh o\idi7od In 1902 lybuei^ publislud tspcnmcnls in which lie, too, was 
unable to icco\ci an' {^lucoiiK acid liom tin mint ot labbits attei the oial 
administiation ot a \oi\ laijjo dose, 7 1 j;ni ot sodiiiin ylueonate pci Kilogtam 
of hod' weight In 1905 Baumgaitcn' it|><nitd that 10 <nn doses of sodium 
gluconate m small noimal, and depancit at i/id dogs and 10 to 20 gm doses in 
diabetic poisons wcie also coinpleteU o\i(li/<d In ihtse (.\poiimeiits the mine 
failed to duclop optical lotalion oi Kdutiiig powtj and tailed to 'leld combina 
tions with plieii' Ih'dia7iJit So'cial 'tais Iiiti (1930), Iiowc'ei, Hcim.mn^ 
lopoited a contiai\ icsuU He dcsciibtd an (xpiinncnt in winch he iceo'oied 
7 5 pel cent ot an oial dose ot about 5 4 gm ol glucoine acid poi kilogram of 
bod' weight in the uiine ot a labbit He siiggtskd tliat this small jceo'ei' 
might be due to dostiuetion ot glucoiiK lUid b\ miciooiganisins in the bowel 
lUioi to absoiption Tins, howO'ct, could not explain the usults oi o\peiiments 
In otliei aulhois in winch onl' small amounts ot gluconic ticid weie icco'eied 
111 the mine aftei tlic diug was administned subcutaneoush 

Attei subcutaneous in]cclions ot sodium gluconate in doses of the oidei of 
7 gm pel kg m the lalibit, i\Ia\ci itco\cied about 10 pei cent m the mine, he 
stated tliat it existed in tiie uiine in the toim ot saccliauc acid In 1911 Schott'’ 
confiiniod the lesults of Slajei ni pait in tliat he also found that attei subcu 
taiieoiis laige doses ot sodium glucoiialc, total amounts of about 15 gm , a sub 
stance appealed in the uiine which he belic\ed, liowe\ci, was not saceliaiie acid, 
hut gluconic acid, and the amounts itco\cied icpicseiitcd fiom about 15 to 50 
pci cent of the dose nnected 

Biioct e'ldeiiee conceming the fate ot that pait of gluconic acid which is 
Uol Kco'eicd in the mine does not exist Seliwaiz'^ m 1903 showed that the oial 
administiation of sodium gluconate sometimes leduced the cxcietion of acetone 
bodies m the uime and bieath nioie cffceti'ch tlian e\en laigei doses of glucose 

‘From the Department of Phiii niacolo&j Cornell Uni\ersit\ 'Medical College Xe« lork 
RoceKcd foi publication Jnnu\r> 11 1939 

ll-O 
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in dia1)etie patients. Baer and Blnm" in 1911 failed to find diminisliccl exwction 
of acetone ])odies in plilorhizinized dogs and referred to tins as an iiulicalioii 
that ghiconie acid is not converted to saccharic acid which they fonncl docs re- 
duce the excretion of acetone bodies. Paderi® in 1918 eoneludeci that "lucniw 
acid is transformed into glneosc because in his experiments the incubation of 
the acid with liver increased the glucose content, and the administration of 
gluconic acid to fasting rabbits increased the glycogen content of the liver. 

The preponderance of evidence, therefore, seemed to indicate that while 
varying amounts of gluconic acid may appear in the urine after .sul)Cutancons 
injection, little or none of even a large dose of it appears in the urine after its 
oral administration. It should be noted that the experiment in whicli some 
gluconic acid was found in the urine after the drug was administered orally 
involved a dose equivalent to about 300 gm. for an average adult of about 60 
kg. Since only so little spilled over in the urine after such a massive amount, 
it cannot be stated whether any of it would be found in the urine after total doses 
of about 25 gm. a day which are given to human beings. In contrast to the ai)ove 
evidence on the conversion of gluconic acid into sugar and the failure of most 
investigators to isolate it in the urine after exceedingly large oral doses. 
Hermann'’ expressed the opinion that gluconic acid is an exception among the 
common organic acids in that it is not oxidized in the organism, although us 
experiments'* presented no direct proof of this view. 

Hermann” stated that acid soluble phosphate calculi placed in the bladder of 
the rabbit, were gradually reduced in size until they passed through the met ua, 
as the result of the daily feeding of gluconic acid for several weeks. Hou sue 
calculi fared without gluconic acid was not stated. In these experiments 
doses of gluconic acid were given, 20 c.c. of a 5 per cent solution two to tu 
times daily to a rabbit, equivalent to from 60 to 90 gm. or 1,200 to 1,800 
5 per cent solution of gluconic acid daily for the average man. He also s < 
that alkaline urine becomes acid after oral doses of gluconic acid hut 
no controlled observations concerning this phenomenon. It should be no e ^ 
this ohservation is in conflict with that of Salkowski’ wiio found that a 
7 gm. of sodium gluconate daily for three days left the urine of t le 
strongly alkaline. 

The papers of Hermann appear to have served as a basis for a 
on gluconic acid and the delta lactone of gluconic acid as a urinary ae 
agent by Sisk and Toenhart.*” They reported the effect on the pH 
in 7 human subjects, some with an infected and others widr on u^ 
urinary tract. They concluded that gluconic acid is a satisfactoiy 
acidifying agent in man, and that its effects disappear rapidly .so 
closes are necessary to maintain the low pH, namely, 4 to 6 gm. 
two to four hours. They administered single doses of from 3 
two hours, amounting to from 12 to 45 gm. daily, and stated p,e 

pH was usually reached in from one to three hours. This signi e.j^^ 
manner in wiiieh the closes wmre given, a minimum pH after lota c o. 

3 to 18 gm. of gluconic acid. 


GorncniN orucoMC \cii) xs v t ni\vn\ \(,r\i 
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111 4 of the 7 (a'les studied In SisK and Toonlian then veio no contiois 

(lie fiist pH heinj? deteiniined one hoiu aftei the fiist dost of tlie ding In 2 

cases the contiol consisted of one i)H \aliie betorc each da'v s ticatment Wlieii 
dien icsults aic examined, using in each case the fiist pH ol tlio du as a con 
(lol,^ one finds that of 37 sucli da^ s the lu iiu was most ilkahne in the fust speci 
men on t^\ent^ da\s, and most alKaliiu in at least one spicimen diuirig tiie couise 
of f/ie tieatment on fifteen da^s If is well Knonn that the pll shows wide 
flucluntions thioiigliout the da\, and the conliol (omse undti the conditions of 
then cxpeimients was lepoiltd in onl\ om patient and m tliat case (Case 2), 
the pH a^oiaged 6 4 (lange 5 7 to 6 7) in the hist two da^ contiol peuod, and 

61 (lange 4 9 to 6 9) in tlie fiist 1woda\ tie itnunt jxnod ‘^ueli a diffeunce 

IS also seen when the two contiol da\s alt eom[)au4l w ith each othei lumth G2 
foi the fiist daj and 6 7 foi the second da\ and m tins patient in a senes of 
eight tieatment da^s with the same daih doses tin aniagc of the dnih pH 
\alucs mailed iiiegiilail\ fiom 51 to 6 1 The pH ot llu mine taken at 9 v ai 
( one hoiii aftci the fiist dose) on eiirht difttnnt dns \aiKd in this nulnidual 
from52to69 In then Case 7, foi examph (lu fiist siHcimcns of mine of tiic 
two daA pciiod of gluconic acid tieatment a\< i ignl b 7 while tiic fiist specimens 
of the four dai penod of ammonium iiitiatc Ik ‘Kmc ni ueiagod 5 6 These illiis 
trations suffice to indicate the dangoi of isoliicd jiII a dues as oontiols Then 
results, theiefoie, do not suppK siiffieicnt pioot tliat gluconic acid is a useful 
urinaiA acidifsiug agent T!io picsont cxpcimunts wcie undoitaKen to ic 
esamine this question 
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•The leadings «eio made promi U> aftci vie luinludione ' 


FM’FRlArFXTVL 

^loie tlian 3,70 specimens oi uznic woie oxanuned foi specific giaiit^ and 
pH The pH Was detei mined b} tlie elec ti ode in one senes, and bj the 

qmnlijclionc electrode in the other senes Eleien specimens of urine examined 
lij both methods shoiied iinifoiiiilj slishtlx liijiliei tallies with the ctiiinhi di one 
eloctiode (Table I) Tlie latter is not quite as satisfncton as the ftlass clectiode 
fill mine because of the tcndeiicx to diifting if theic is dcla\ in inaKine: tin 
loading 

‘The nr«t nH ,n the records « is eilhti bofore treatment or attoi ont dose ot slllconic 
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In one group of experiments 5 normal subjects ivere used, and a determina- 
tion was made of the effect of - a large dose of gluconic acid on the pll o! tk 
urine secreted during the first four-hour period after the dose. The plan in- 
cluded the following : constant breakfast at about S a.m. (such as coffee, or roll 
and coffee) ; the bladder emptied at 9 a.m. and voiding discarded; a glass of water 
at 9 A.M, (in controls), or 15 gm. of the gluconic acid** washed down with the 
gla.ss of M'ater (on the treatment days); no food, drink, or voiding until 1 r, a. 
In all, about 70 daily specimens of urine were examined during this part of the 
work. The urine was examined as soon after voiding as it reached room tempera- 
ture (fifteen or twent.v minutes). 


In the second group of experiment.s an attempt was made in another way 
to determine the effect of gluconic acid on the acidity of the urine, namely, to 
compare the average as well as the range of several pH values on one or more 
control days with those on one or more treatment days. Observations ivere made 
on 16 persons,! S of whom were confined to lied in the hospital, and Sofwliom 
were ambulant. In 7 of the bed patients tliere were various nrologic conditions 
Muth urinary infection. These patients were selected in part because of the 
high pH values of their urine before treatment, which served as a more satis- 
factory control for the effects of an acidifying agent. The diets of the ambulant 
patients, as iveli as their urinary volumes, varied considerably, but in the cose 
of the bed patients they were the regular ward diets of the hospital, which aie 
more constant. The daily urinary output in the.se patients varied between 
approximately 1,500 and 3,000 c.c., except in one patient (Case 2) in whom tic 
daily urine volume ivas only about 900 c.c. The delta lactone w’as administcre 
in 5 gm. doses at two-hour intervals up to total doses of from 15 to 25 gm. dai y 
and siilisequently in 10 gm. do.ses every tivo hours up to total dose.s of from - 
to 50 gm. daily'. lu one case a single dose of 15 gm. w'a.s given. Ir ^ 
case 2 doses of 25 gm. cacli wore given at tivo-hour intervals. In a few insku^^^ 
the delta lactone was dissolved in rvater and diluted to an approximately - 
per cent solution for administration. Tliis ]iroved rather irritating to t le 
however, and in the majority' of instances it ivas found more satisfactory 
it as tlie dry' iiow'der folloived liy a glass of water. The pH was 
ivith the qninhydronc electrode in tliis series. Tlie specimens of 
collected at two-hour intervals from 7 a,m. to 5 p.m., both on control 
treatment days, the specimens being kept on ice, and the pH values ce ei 
in less than an hour after collection. Tlie specific gravity of every 
also determined. Since most of tlic subjects received abundant i" 
specific gravity of the urines was fairly' low' (1.002 to 1.021) and appea 
%'ary without relation to tlie pH. 

— f* n of 

•TW.'i was aiven as the delta lactone. It was supplied a.s the prepara lo 
delta-lactone by Cha.s. Pfizer & Co., Inc. , , creerv for 

-fWe are deeply indebted to Dr. Charles G. Child of the tlie a 

available to us i uroloftic patients as subjects, and for his help, in esL controlled en 

routine in these cases ; al.so to Dr. Ade T. Milhorat for his p.atient ^ho 
.strictly con.stant diet in connection with )n.s work on proffre.s.sive muscuim . 
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TJie foIIo\Miis IS II piotoeol ot a lipical expeumcnl (Patient 2) 
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The results obtained in the fiist scucs ol o\i>oimicnts aie shown m Table 
ir The indications aie unequnoeal in showiiijr that tlio mine seeieted diuin*; 
tile fiist foiu houi peiiod attoi a \cn lai?,c dost of the delta lactone of gluconic 
ncul IS nioic acid than coiitiol specimens obtaimd undei similai conditions The 
1 >H of tile ghicoiuc acnl peiiods ncsci ic.uhcd the lugh ^alucs of tlie oontiols, 
althougli tlie\ did not f'o tai below the lowest \ aloes ot the coiitiols Tliat tlic 
urine lesists ncuhficMwn below the JowesI iioiiiial jiII laliics has been obsenotj 
In others in connection witli otliei iiimaii aeidifi iiip: asciits (Johnston, 1032”) 
Three of the 5 subjects developed abdonuiial eiaiiips and diaiilioa In one 
patient lomitins oceuiied The specific a^a^ll^ of tlie iiiine showed no eon 
sistent iclatioiisliip to the eliaiiftes in the pH 

The essentials ot tlie icsiilts in the second senes of expeiimcnts aic sum 
maiizcd m Table III Siiioe the -values aitei the 10 doses weic siiiiilai to 
those aftei the smallei ones, tiiev have liecii eoiisideicd toaetliei in the table 
In the contiol peiiods the subjects had Iieeii withoiif diii" lot at Ic.isf twciitv- 
fotii lioitis, and in the i allies of the ticatnient pciiod the last specimens in- 
cluded aie those taken no latci than two lioiiis atlei the last dose of the ding 
In S of the 16 patients, the mine became nioic acid, and in the otlici half it 
hccaiiio iiioie alkaline diuiiig the peiiod ol tieatmeiit with gliieoiiie aeid The 
failine ot this senes to levcal eleaili the andilviiiu action of gliiconie acid mas 
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Table II 

Lactone of Gluconic Acid on pH} of Uitvf m 
Four Hooks After a Dose of 15 Si 


CONTROLS 


drug 
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'Diarrhea caused by the drug-. 
tDose only 10 sm. 

IVomited u-ithin 1 hr. l.i min. .itter dose. 
§The pH in this series was 
by the glass electrode. 


determined 


tlie day ^ smaller single doses and to the masking effect of diet tliirini.' 


vnmo iimr, I +i Patients developed diarrhea ivitli or ivitlioiit naii.'icn <''* 

with tl c of Ike gluconic acid; in 6 of these it occurred 

with the 0 gm. do.ses. 
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THE JOURXAL OF LABORATORY AXD CLIXICAL MEDICIXE 


SUJmARY AXD COXCLUSIOXS 

Under controlled experimental conditions ghmonic acid given in the form 
of the delta lactone in large doses reduces to low levels the pH of tlie urine in 
man. Its acidifying action under the ordinary conditions of diet and fluid in- 
take, however, appears limited, since under these conditions smaller do.ses yielded 
equivocal results on the pH, and even these caused a high incidence of gastro- 
intestinal disturlrance. From the practical standpoint, further experimentation 
is necessary to establish the conditions under which tlie delta lactone of gluconic 
acid maj' prove useful as a urinary acidifying agent. 
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STAPHYLOCOCCUS EPIDERMIS ALBUS* 

Cultural axd Ijimuxologic Reactions of Large and Small Coloxy Types 


Esther Meyer, Ph.G., M.S., Chic.vgo, III. 


T T HAS long lieen noted that 1121011 tlie swabliing of skin surfaces an s 
A quent plating on agar, both large and small staphylococcus colonies 
After a thorough washing of the skin with soap and water, the 
colony staphylococci increases. Colonies measuring 1 mm. or less ^ 

were classified as “small colony type,'’ while those measuring fio’’’ ""i” small 
4 mm. were classified as “large colony t.vpe.’’ Growth produced Ip 
colony tyqie was always rather scanty and frequent l.v failed to .sinH'C 
from the original plates. 

Technique . — The skin ivas thoroughly washed with soap and ita 
dried with .sterile gauze. A sterile moist swab was used to swah Ihc s’’ 

— — . . ' ” ^ . f 

•From the Department of BacterioIog>' ami Public Health, r'n^leffe ' 

Medicine, and tlie Department of Bacteriologj*. University of Illinois 
Chicago. 

Received for publication. January 20, 1039. 
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Table IV 

Staphylococcus Epideumis Albds (Small Coloyy T\pes) 
Biocliernical Groups 
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‘Strains used foi immunologic experiments 


Table V 


Laige stnplijlotocci colonies ('•Km) 
Large staphylococci colonies (shin) 
I^aige stapln lococci colonies (shin) 
Luge stapln lococci colonies (shin) 
large staphj lococci colonies (shin) 


LACTOSE MALTOSE IlPYTROSE 


LITMl S 
MILK 


+ 


+ 


+ T + 
+ + - 
- + - 

+ + + 
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Table VI 




LtCTOSE MAITOSE prXTnOSF 

LITMl S 

MILK 

Small staplij lococci colonies (shin) 
Small stapluloeocei colonies (shin) 
•Soi.iH stapln lococci colonie'- (=hin) 
Small stapUtlococi i colonies (sinn) 

+ + + 

- + + 

- - + 

4- + + 

+ 22 

50 

38 

9 

Table VII 

VPIUIOC 0( C LS 
EI’IDFnMlS \IBIS 
(SKn ) 

KEDL { TIO?C or 
M^rv\Tr:s 

LIQUEFACTION' OF 
GELATIN' 

\( III IN 
manmtf 

Tei Cent 

PosUiie Nei/ahie 
Large colont tjpe bl 36 

. mall colonj tj pe 68 32 

Per Cent 

PoiiJiie Negative 

52 IS 

(il 36’ 

Per rent 

Posiluc Affluhif 
28 ‘2 

09 TS _ 


Table VIII 


AGGLI TIN ATIOM EeACTIOYS 



Liiige 

and Small Staphj lococci Colonics 


=== 


SI Ul M 

41 

snin 

50 

snnTM 

3Ss 

SFUUM 

Jls 

sn 1 'I 

Strain 4I 
Stiain 56 
Strain 41* 
Stiain ISs 
Strain I Is 
Strain 22s 
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40 

25()0 

320 

320 

20 

2560 
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320 
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.120 

640 
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.-120 

40 

SO 

640 

40 

-t 
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SO 


Numbers Its 18=, and 22s tire snitill colonj l.^pes 

Numbers 44, tO, and U aie laige colonj npes , 

•Rabbit died fl\e (la\s after last injection hence no seium tias obtitne I 

tRabbit died fi\c dies after tnal bleeding- Not enough serum leniunei 



■\IE\rR ST\PII\IO(0(CX S riMDFRMls \I IJl S 1141) 

In this ^^oik we ^^cie nifcicstcd m dcteimininjr A\hetiiei theie aie am 
marked diffeienccs m cultiual and immimologie loactions between the large and 
small colom stapln lococci iound on the skin 

HiocJicintad y?c«c^ions — Sid>ciil(iiics wtie made in htmns milk, nitiate xiep 
tone solution, goldtiii, dextiose, niannitc maltose, laeto«:c laffiiiosc, suciose, and 
imilin Table I shows the ciiltuial uactions ot tlu fiist ten stiams in the laige 
coioin gioup, and Talile 11 shows fiiost ot the hist ten in the small colom gtoiip 
The eultiiics weio giouped aecoiding to bioclitiiiKal uactions and Tables III 
iiid IV sliow tlic niinibci lielomjing to each irioiip Tliiouirhont the woik it was 
eiident, as is shown in the tables that the small colom t\pes aie not ns actne 
biocliemiealh as the huge colom t^pes Tables \ and \ I show that 64 pel cent 
of the laige pc Iciment lactose as eompaitd with onh 31s pei cent ot the small 
tipe Table VII shows the small ^^pe to Im mou actue irelatiii licpiefiers than 
the laige t%pe 

Immunologic Ilcacfions — Thice stiains weic scledcd tiom the huge colom 
fipes (No 44 fiom gioiip 1, i\o 50 fioin ^loup 2. and \o 41 tiom gioiip 3), 
and tlnee stiains fiom the small colom t\pes (\o IK liom irionp 2 No 22s 
fiom gioup 3, and Jso ISs liom gioup 4) Kahbits weic selected foi the im 
munologic woik Hea^^ saline suspensions ot tlu In mg oiganisms wcie m 
iccted lntla^enousl^ , tluce inioctions being given in all Ten davs attei the last 
inieetion, tiial lileedings woie made and tlu titcis ol scin tested The rabbits 
^^c^e then bled to completion Dm mg the <ouis( ot tlu woik one death oceuiicd 
(No 41) five davs attoi tlie last iniiction T)ie cause could not be dcteimined 
Anothei lablnt (No 11s) died iollowmg tlu trial bleeding No seiutti was 
obtained from labbit No 41 Init enough was ofitained tiom No lls in the tiial 
bleeding to suffice foi all Init one test Tlu labbits showed moio icaction aftei 
injection with the laige tv pc colom stapln lococci tlian the small tvpo colom 
staphv lococci 

The agglutination leaetions aic biinimaiifcd in Table VIII It is evident 
from those icsults that all of these stiains arc iclated to each other The large 
colonv tvpe have bioaclei antigenic ulationships hence thev mav be consideicd 
the parent stiain Stiain 50 is tvpe specific while stiains 44, 41, and 18s have 
'ride antigenic lelationships The agglutinins in antiseia 44 and 50 have a wide 
band of aetivitv 

smni \R\ 

The lesults of tins woik indicate 

(1) All of these stiains aie lelatcd to each othci 

(2) The laige colom tv pes aie moie highh antigenic have widei antigenic 
relationships and thercfoie mav be consuleied the parent stiain 

(3) The laige colonv tv pes are moie active biochemicallv than the small 
tv-pes 

(4) The giowth jirodiicecl bv the small colonv tvpe is alvvav s limited as com 
pirccl to that of the laige colonv tvpe 
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Tlismfpctinfr Power of the SI m ns n Defense Xgnin^t M •’rohic Invnsion, \ni J IHg 
11 345 , 
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A STl'DY OP ENZYIilES IN NOKAIAL AND PATHOLOGIC 
CEREBROSPINAL PL DID' 


I Kaplax, Ph.D , D J. CoHX, Ph.D , A LE\Ixso^, MD, 
AXD B Stcrx, B.S , Chicago, Ili. 


A KNOWLEDGE ot the enzymes of the cerebiospmal flinh may lead to a 
clearer uutlerstaiiclmo of the physiolog.v of the central nenous system 
and may also be of ehnioal x'alue in diseases of the central nervous system 
It is not surpnsnig", thei'efore, that the study of the enzymes ot the eeie lo 
siiiual fluid has attracted a number of workers.’-- As yet, lioweiei, no ai^e^ 
cjnate correlation lias been made between tlie occurrence of enzymes m 
cerebrospinal fluid and the condition of the central iierA’ons system > oi^ 
workers have limited tliemselAes to the study ot only one or two 
or to only a few patbologie eonditions, such as mental diseases.'' P****^j\ 
studied the factors which regulate tlie permeability of the meninges 
have not been interested in the enzymes of the cerebrospinal fluid 

111 an attempt to investigate the relationship between the eoiu i 
the central iien ons sy stem and the distribution of enzymes ni tlie 
spinal fluid, we studied the enzymatie activity of over one luiiidied spec 
of normal and pathologic cerebrospinal fluid. The enzymes stuc let 
ti'.vpsiiijT phosphatase, lipase, tribut.vrinase. esterase, and amylase. 

•Fiom the Depxitment of Biocliemislr) , Kelson Morris Institute for Ci'iW''®" 

Cbildien's Hospit.il of the Cook Count) HospiLil, and the Sai"ah Moms i 
of the Michael Reese Hospital 

Aided b) a giant from the X^elson Moirjs Fund 

Recened for publication, januaD 2G. 1939 , the nomth' 

yThroughout the p ipei certain comentions )\ill be used "'TV * ,j,zes the brciK" 

clatuie of the enz) nies B\ tupsm is meant the enz)me ■)> stem w hicu c n cnz'i'"; 

down of denatured hcmcglobin in ,i sljghth alkaline medium T”®, f' The 
with panel eatic tiapsin or othei tiaptic tnzames is not discussed cjsteni 

has been chosen for comenience Similail), b) lipase bj c'terisc, d'c 

h)diol'zes olDC oil, b) ti ibut) rmase, the enz) me winch h)droI)zes tnl 
enztn/e nhich indrohzcs etb)! biitir.ate. etc 
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tnpsin, nlllioujrh not «iii enz\ nu was studied iii toiinection with tnpsin Cell 
counts weie done in each nislanct and detei nmiatioiis ot the sivai chloiides, 
total pioteiii and noiijnotein iutio«,eii contents of tlie flnids weie made when 
c\ei possible** Wlun spinal pniutiius wcio neitssuv foi diagnostic oi 
therapeutic pniposes specimens of c eiebiospnial fluid weie obtained fioni 
hospital patients, most of whom weie iliildieii "Most of the 2 ninclnies weie 
Inmbai , when ventiiciilai oi cisteinal piiiu tines weie losoited to tliev aie so 
maiKed m the tables The flnids weie witluli iwn attei an oveiniRlit fast, and 
enzunatic and chemical studies weie Ix^aiii within one oi two lioms Unless 
otlieiwise indicated, tlie fluids weie tleai and coioiless 


METHODS 

Tijpsin was deteiniined In the method ot Anson and i\Illslv^'‘' with modi 
fications made necessan In the mtuie of the m ittnal anah/ed In this method 
the amount of tMosine foimed as a lesiilt oi tin du'estion ot a hemoglobin snb 
stiate b^ a tnptic enmiio is incasiued coloiimetin i)I\ Tlie method as modi 
fied foi tlie pin pose of tins woiK is lioie pKsented 

One cubu eentimetei ot teiebiospui il fluid w is nlded to t c c ot liemo 
global substiate and the nnstiue was incubated it 17® ( toi twentv tom hoius 
An incubation peiiod of foui houis is suffliunt tt) \nld lesnlts but tlie longei 
incubation j^eiiod g'nes •rieatei jiieiision bei ins( of the )aig:ei ainonnts of 
tMosine toiiiied Ten cubic ceutimeteis ot > pei cent tiichloi acetic acid weie 
tlien added to the digestion mi\tuie to piccipitate tlie iuulir,ested liemoglobin 
and to stop the cn/Miie leaction Aftei five minutes tlie solution was filteied 
To 5 c c of filtiate weie added 10 c c ot 0 lO \ sodmm In dioxide and 3 ce 
of phenol leagent diluted 1 1 TIic coloi whnh developed was eoniiiaied ni 
the colouinetei with a suitable tviosme standaid set at 20 Ihe staiidaids 
weie piepaied b) adding: to 5 c c ot tviosiiie solution contnining 010, 015, 
01 0 25 ing of tviosine 10 c c ot 05 X sodium In dioxide and 3 c c of diluted 
phenol leagent A blank, oi zeio time dotei mnntioii was lun simultaneously 
bi adding- 1 c c of ceiebiospinal fluid to 5 c c of snbstiate solution at 37° C, 
■nul adding nnmediatelv 10 c t of 5 pei cent tiichloiacetic acid The cliffei 
ence between tlie numbei of millimoles of tviosine found aftei nicubatiou and 
without nicubatiou was taken as the ineasme ot the tnptic aitnitv of the 
ceiebiospinal fluid Calculations of tlie tnptic actnitv were made, using 
modifications of the inefiiods of eakidafiou of Anson and Miiskv snnilai 
to those ot Ileclit and Cnin^^ These modifications weic necessan because of 
the wide variation of the amoniils of tivpsm found in ceiebiospinal fluid, 
leqinung tlie use of moic tliaii one standaid The nninbei of millimoles ot 
tviosine found eoloiniietiicalh can be wiitten 


(1) mXr TMO«me : 


1 

JSl 


(nig tvrosme stiml'iid) 


rengont 

bhnk 


The niimbei of tivpsm units pei 100 ce of ceiebiospinal fluid is theiefoie, 
(2) niAI Tyiosine 'if tor 24 lionrs -niM tvrOMne nt 0 hours z= T U por 100 c o = 


’’bt) - ’’st 


, *8111(1103 I\ere also niatle of the calcium and phosphorus content-! TJiese ln\o boon reported 

«se\\here (J Clin Med 24 GO*! 1939) 
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24 

whei’e mg'. T-^ = the number of milligrams of tyrosine in the standard re- 
ot. 

quired for the twenty-four-hour reading, and mg. is the number of milli. 

grams of tyrosine in the standard required for the initial reading, x,, and x, 
are the respective colorimetric readings. For example, if the 0,25 mg. tyrosine 
standard is required at twenty-four hours, and 0.10 mg. standard for tlic initial 
reading, the number of trypsin units per 100 e.c. is : 


(.S)T.U 


. = ...V [. 


0 

^7 


(0.2.5) - 
2.0 


20 


( 0 . 10 ). 


1 


Antitrypsin was determined by measuring the effect of the presence of 
cerebrospinal fluid on the activity of a commercial trj'psin preparation. To 
5 c.c. of hemoglobin substrate were added 1 e.c. of a solution (1:1000) of com- 
mercial trypsin and 1 c.c. of ivater or of cerebrospinal fluid. The percentage 
inhibition of the particular trj^psin used was taken as the measure of the anti- 
tryptic power of the cerebrospinal fluid. The decrease in millimoles of tyrosine 
formed in the presence of cerebrospinal fluid is given by the equation : 


(4) niM. Tyrosine 


1700 r 20 
905 


II.0 


(mg. T|fO) 


20 


^eSF 


, mCSFd 

(mg-Tgt. )J. 


where mg. T and mg. T are the numbers of milligrams of tjrosine 


H„0 , eSP 

St. '"S- T 

in the standards recpiired when ivater and cerebrospinal fluid, respoeti^clj. vcic 
added to the hj'drolysis mixture ; xHjO, and Xesr oi'o the corresponding colon 
metric readings. The number 1700 appears in the formula instead of 160 m 
cause the digestion mixture on addition of 5 per cent trichloracetic acid 
17 c.c. instead of 16 c.c. as in the determination of trypsin. The peicenfar.c 
crease in millimoles of tju'osine formed is then : 

(5) Antitrypsin units = per cent inliibilion = 


20 


H.0 


(mg. - 


20 


. mCSF, 

(mg. Tgj ) 

^eSF ■ X 100 . 


20 


^H.O 


(mg. T^*^) - reagent blank 


The phosphatase activity of the cerebrospinal fluid was determine 
method of Bodansky,’- which depends on the determination of the 
phosphorus liberated from a phosphoric acid ester by the action of t 
zymatic material. Because of the small phosphatase activitj^ usua ) 
in the cei'ebrospinal fluid, a few slight modifications of the 
method were necessaiw. Ten cubic centimeters of buffered substiate^ pci-cbro- 
beta-glyeerophosphate and monosodium diethylbarbiturate, and 2 e.c. o 
spinal fluid were incubated at 37° C. for twenty-four hours in a sma^ 
stoppered flask. At the end of this time the flask was cooled, 8 e.c. o ^ ^ 

trichloracetic acid were added, and the mixture was shaken and filtcicc 
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of tins filtiatc Meie <idded 4 cc oi molybdate leaf^eiit and 1 cc of stannous 
cliloride solution The blue eoloi dc\eloped i\as lead in a coloiinietei against 
the color developed on simiiai ticatment with mohbdate and stannous chloiide 
a staiidaid phosphate solution eoiitamiiig 0 004 ing pei cc The diffeience 
III milligrams of phosphoius found attei inuibation and that mitialh present in 
the cerelnospiiial fluid Mas taken as the mcasme of phosphatase aetmh 

Lipase Mas duteinnned a slight inodifitatioii ot llie method of Crandall 
and Cheiu,^^ Minch depends on tin ddeiininalion 1)\ titiation Mith sodium 
hj dioxide of the fiec acid foimed 1>\ the onz-vmatic hjdio]\&is of olnc oil A 
mixtuie containing 3 cc of distilled Matei 2 cc of a 50 pei cent oli\e oil 
emulsion made up m ith 5 pei cent gmn atatn ss tin emidsifi mg agent, 0 5 c e 
of Clark and Lubs’ buflei at pll 7 0 and let of cciclnospinal fluid Mas 
incubated at 37° C foi tuentj fom houis and then titiated Mith N720 sodmm 
h\dio\ide Since it Mas found that some Indiohsis j)f the olne oil took 
place eion though no eeiebiospnial fluid uas incsint in tlu abose mixtiuc 
a blank Mas lun using 1 c c of mfei insteid ot cciehiospinal fluid The 
lipoljtiG actnitj, expiesscd m millimoUs of f itt\ acid foimed in tMenty 
four horns pci 100 c c of ccicbiospmal fluid is 

I ip-ise units = ‘ ^ o) \ j \ mO 

The tuhutjini and othsi ImtMato sphftnv poMii ot the ceiehiospiiial 
fluid Mas deteimincd bs' the alnnc incibod itpluing the 2 c c of olne oil 
emulsion Mith 1 c c of absolute tnbutMin oi 1 c c of aiisolnte cth\l but'^iate 
The calculations foi tubutMinase and estciast m(ic the same as those for 
lipase 

The am\loUtie aotniti ot the (.oubiospiiial fluid Mas deteimincd b^ a 
modification of the method of Ross and ShaM Minch depends on the hy 
dioljsis of staieh oi glj cogen bj the enz;tmat 2 e mateiial and the oxidation of 
the resulting leduciiig sugais (consideied ns maltose) by Inpoiodite To a 
mixtuie of 25 cc of ficshly piepaied 1 poi cent staich solution 10 cc of 
phosphate buffei at pH 6 8, 1 cc of 0 2 N sodium chloiido, and 3 cc of dis 
tilled Matei, was added 1 c c of ceiebiosimnl fluid The icsulting mixtuie 
Mas shaken and JO cc Meie pipetted into a small Eilenme^ei flask contain 
mg 05 ec of N hydroeliloiic acid The acid and jihosphate buftci mgic 
neutialized Mith N sodium hjdioxidc Thou 2 ct of 0 1 N iodine solution 
and Sec of 0 1 N sodium hj dioxide mcio added and the mixfmc alloMcd to 
stand foi fifteen minutes One cubic centimetci of N hjdiochloiic acid Mas 
added to hbeiate the excess iodine, Mliich Mas titiated Mith 0 02 N sodium 
thiosulfate Aftei twentj foiu houis 10 cc of the hjdioljsis mivtiue Meic 
MithdiaMii and tieated simiHilj 'Ihe ineasiuc of am^loljtic actnity Mas 
taken as 

Ain-\la'!e units s= nnllnuoles of ninlto’^c foimel in 21 lioiirs per 100 c c of ceiobiocpiml 
fluid . 

= (N-uSO, titer m cc - Vi,SA in cc) 

after 0 hours aftei 24 hours 

X 4 X 100 

“ince 1 c c of 0 02 Is Na^^.O^ z=: 1 41 mg malto e = 0 03 millimoles maltose 
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Gljeog-ciiase wah defeuDJJietl In thf* same metliod as amviasc, except tliat 
0 5 poi cent Rbco^ren iiscd as a substiate mslcarl of staieh In this case 
it WAS uccessaM to iiso 3 chops of I pei cent staich solution as an indicatoi 
for the thiosulfate titiation 

Sugai -was detenninod by the method of Soinop:}! ^ chloudcs b\ the 
method of Van SlyKe ’* total piotein In the method of A-\ei, Daile;> and 
riemoat Smith,’'* nonpiotein nifio^cn In the method of ICoeh and KciHeelvin 
Total pioteins A\eie also done In a digestion method nhich ^vas theclvcd 
against the aboAc mentioned method foi total pioteiii 

KFSl LTS 

1^01 comciiicncc in deseiibuip: and disenssiiifr om losnlts, mc ha\o dnidod 
tlic fluids studied info sc^olal "loups 

Gioup I: iVonjird — ^TIic faet tliat a spinal piiiutino is eonsideied neecs 
saij indicates that the patient is not enfiiel\ noimi), as lias been pointed out 
picMoush ’ Ho\\c\ei, ns can he seen fioin T. bus I and VTI, the cell eonnts 
anti siutar, chloiides, total piotoin, and nonpiolmn mtiouen contents of these 
fluids WQiQ noimal ’ ° Though not icpoifKl in this pajici, the cnlcmm 

and phosphonis contents of these fluids wuc also found to he noimal The 
ennnio distiihution in those specimens uas iloMfoit eonsideied to bo that 
of noinial ceicluospuial fluid 

None of the 27 fluids of the noimal trioup shoued am eMdence of tijptic 
actuitj Of 22 fluids studied 18 had no antitnptic piopeitics the lemnin- 
ing I fluids had slight aiititijptie pouci Phosphatase \ias found in 12 of 
13 fluids, ^\illi an a\ciagc iuti\it\ of 00 unit imi imtliods foi explanation 
of the units used thioughout the pajici ) Tin n tual \ allies of the phosphatase 
actnity langecl fioin 02 to 1 9 units Lipohtic a(tnit\ uas found in small 
amounts in 4 fluids of 24 studied The axciage Iiiioljtie actnit} of the 24 
fluids ^\as negligible, being Mithin the expeiimental enoi Tiilmtumase ivas 
found in a small amount, 0 8 unit, m oiiI\ 1 ot 20 llnuls studied Dstciase 
lAas not found in any of the 24 fluids studied Am>lasc ^^as piesent in 17 
ot 25 fluids of gioup I, tile a\ci.mt ann lohtic ,Kti\Jt\ of the 25 fluids being 
09 unit The indnidual actuitus of tin 17 fluids \\hich ga\e positne lesults 
mailed from 0 4 to 3 3 units Discussion of gI;>cogcnase is omitted since in nil 
cases ivheie glyeogenasc actmtics ■\\eic detcimined the lesults paialloled 
those of amjlase 

It appeals fiom these lesnlts that beta gh ceiophosphatase and nmjiaso 
aie picsent m detectable quantities in an appieeiable minibei of ccicbiospinnl 
fluids with noimal chemical and cellulai findings Tijpsni and estei«ise 
^'cie not found Lipase, tiibutjiinase, and autiti>psm neie found in small 
amounts in iclatu elv small iieicentages of the fluids studied 

Giouj) //• TiihciCAdou-i l/cmiujihs this gioiip theie neic 23 fluids 
obtained fiom 13 patients In geiicial, the ccllulai and ehomical constituents 
i^ete in aecoid mth the litciatuic In one case thoie neic a Ion cell eonnt 
iiid also a noimal ehloiide content This nas due to the fact that the fluid 
''<is drawn dm mg the eailj' stage of the meningitis which followed a tiilieicii 
loiiia The same explanation eoseis the noimal sngai content in anothci case 
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On the whole the cerebrospinal fluid of tuberculous meiiing-jti.s ivasekr 
acterized by increased enzymatic activitj'. jllost sti'iking was the presence of 
trypsin and of increased amounts of antitrypsin. TwenO’-one of 2.3 fluich 
had definite tryptic activity, ranging from 0.03 to 0.30 unit, Avith an average 
of 0.10 unit, >Oititryp.sin Ava.s found to be ])rcsent in 16 of 22 tliiids .studied, 
with values for the antitry)dic jAOwcr fi-om 6 to 88 units, and an a^-erage of 
28 units for all the flnid.s. ldiospliala.se activity, .studied in 14 fluids of this 
group, was found to ho about twice as great as that of the normal fluids. 
Valuc.s from 0.9 to 4.7 unifis wero found, Avith an average A’alue of 2.1 units. 
In 8 of 20 fluids studied for lipolytic activity, A'alues a.s high as 2.4 units Avere 
eneounteved; the avevage activity was 0.3 luiif. Tributyrmase was present in 
12 of 16 fluids, with activities as high as .3.2 units and an average of 1.0 unit. 
Esterase was not found in any of the 18 flnid.s te.sfed for this enzyme. Amylase 
AA'as i>rcsent in 14 of IT fluids studied, fi’he average activity Avas 1,9 units, 
AAUth a maximum value of ,5,.5 units. 


Group III: Punilcui Maiiupitis . — The results of the chemical studie.s 
agreed Avitii those of the literature. The total protein content.s were elevated, 
Avith values a.s high as 940 mg, )Aor cent. Sugars and chlorides were nearly 
ahrays reduced. 'White cell connis were markedly elevated, with values 
from 440 to 11,000 pov e. mm., and a predominance of polymorphonuelcar 
leucocytes. 

In general, the di.slrjbntion of enzymes in the fluids of the purulent 
meniugitides was similar to that in tuberculous meningitis, except that far 
larger amount.s of ivypshi and phosphatase were present in ])urulent menin- 
gitis. All the 18 fluids studied contained tryjisin, in amounts ranging from 
0,08 unit to 1,80 units, Avitii an aA-crago Auilue of 0.87 unit, fourteen fluids 
studied showed antitryptic power, varying from 4 to 91 units, AA'ith an average 
value of 31 units. Pho.sphatase activity' AA'as mea.sured in only 6 fluids, hut 
these were comsistcntly high in phosphatase activity, ranging in value fiom 
8 to 22 units, with an average value of 15 units. With one exception no 
highei- value for pho.sphatase activity' was found in any' of the fluids studicf 
in the Avhole series. Lipase vA'as present in 6 of 16 fluids .studied; itspiesence 
appeared to depend on the severity of tlie disease. Tributyrmase Avas founc 
in 7 of 12 flnid.s, Avith activities as high as 3.4 units and an aA'crage o 
units. Esterase appeared in .some fluids in the advance stages of the ^bsease 
Amydase AA'as present in S of 14 fluid studies, with an average value o 
units. 

Group TV: IJ ydracc phahis . — Nearly all of the fluids of this gio'T 
sented a different enzyme jricture from that of the normal fluids. 
tent of the difference depended on the cause of the hy'drocephalus aiu in s 
cases on the presence of urfection. For convenience we shall g]l 

tween two suligroups of fluids. Tlie first subgroup consisted of 
of which were abnormal in appearance, being opalescent, xau 
or turbid. In one patient, (4. C., the hydroceplmhis was foun 
have been caused by occlusion of the foramen of Monro by an o 
AAAto the third 


ventricle. In another patient, "W. Mb, the hycrocepn 


Avas 
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tuisccl by a CGiebellni inoiluUoblastoiua mIuoIi iinadtd the foiiith Aentncic 
The othci thiee fluids of this subprioup woie fioni tuo patients Mith hjdio- 
eephalub complicated by infection and showed definite leiicocjtosis The })io 
tein eonttnts of the 5 fluids weie hi*rli lanjrmjr in Aaliu fioni 456 to 2500 mj* 
pei cent 

The sufrni content of the infetttd fluids was /cio all of the iioniiifeeted 
fluids weie nounal The ehloiide \aUies wete not smuificaiith diminished 
All the fluids had niniKed nntitijptic powei and weie high in lipase tiilmf\- 
imaso, and phosphatase One fluid that ot R K had a -ven high tnptic ac- 
tnit}, two fluids with a iclatneh low poKmoi phomicleai content had low 
tijpsin %alucs, while the nomnfeclcd fluids wue nounal with lespcct to 
trjpsin Anijlase ^ allies weu* noimni and on)\ om fluid that of R K, 
showed ostoiase actuity 

The fluids of the second suhgiou)) 11 ui iiumliu had lelatiieh lowei 
lUotcin contents, the i allies laiiging lioin 5 to 10^ pei cent Elcicn of the 
fluids wcie cleni , one was contaminated b\ a tew ud tills and one fluid was 
\anthocluomic Seicn fluids had tiihutMiiiast ictniti with tahies fiom 
07 to 30 units Ten fluids had lipohtic attixUi with \alues fiom 0 0 to 7 7 
Hints "With icspect to the othei eii?Mnes ami mtitiijisiii the fluids of this 
suhgioup showed no significant sanations fiom tlu noimal 

On the whole, thciefoie fluids fiom pitienis with Indiocephalus wheic 
theie was aii associated lesum nwadmg » \eutiKU tu wlueb side conipli- 
eafed bj' infection, had gieatei en/jniatit attmti than fluids fiom patients 
111 whom theie was no known iinol'emeiit of mtninges oi lentiicles 

Gionp V: Btain Tumot, Ah^ccw, Ctjsf — The fluids of this gioup weic 
similai to those of Gioup IV in tliat tiie\ could he dmded coinonienth into 
two subgioups with gieatei oi less eiuMuatie aetiMti nceoiding to whethei 
or not tlieic was a lesion imading a \cntiielc oi the ineiunges The fiist suh 
group includes one fluid fiom a patient with a medulloblastoma of the cere 
helium imadnig the foiuth ^cutiicle (Table V, 5V W), toui fluids fiom a 
oaticnt with a ceicbial subaiaehnoul c\st (R McO ), and one fluid fiom a patient 
With an abscess of the light panet.il lobe (C K ) In tlie last case the abscess 
broke into the subaiacbiioid space so that the fluid was tiubid, like that of a 
suppuiatue meningitis The tliicc eases of tins suligioup haie in common the 
fact that the lesions ot the brain iinadtd spaces conlaiiung ceiobiosi)inal fluid 
iiz, fouith \cntiicle and subaiaehnoul space Of the flie fluids inalnng up 
the second subgioup, 2 wcie fiom a patient (TC R ) with a glioblastoma of the 
middle fossa, two fiom a patient (L C ) with a ccicbial abscess of undetcimmod 
location, and one fiom a patient with an uitiacctc-helku glioma 

Of the 6 fluids ot the fiist subgioup, (W W and R McC ) weic \antho 
chiomic and had lughh cleiattd pioteni contents (416 to 660 mg pci tent), 
the sixth (C K) bad a total piotem content of 103 mg pei cent The fluids 
of the second subgioup weie cleai, xMtli piotcin contents tanging fiom 58 to 207 
per cent The axerage xalucs of the chloiide and sugai contents foi all the 
fluids of gtoup y fell within the lauges of noimal xalnes, with no significant in- 
fluidual xaiiations 
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’These Jiigh \ ilues aie due. to jntiavenous injection of gtucoso m saline 
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Tilt fluids oC tiio fiisl sul)fi:ioup possLSscd maiKtd cn/\ malic iiiopeitics 
T«o fluids oC llic 6 had liiiih fnptu .utiMties 047 and 1 4 units, lospoetneh 
All 6 fluids possessed antiti\ptii pouei with \aluos lansnis fioin 28 to 93 
units and an atoiaftc \aluc of GS units Tiio fluids ot this suligionp (tV W 
ind C K ), CNamined foi pliosplnitase lutiiiti, had lalucs of 5 S and 11 4 units, 
uspctlueh h’oni ot the G fluids had lipolitio actniti, iMlli \aluos fiom 05 
to 3 0 units, and an aieiagc of 1 0 unit tin the iihoh siihgioup Fnc fluids 
CNamined fot tiibutMinase actiiifi gaii positiie icsults, nitli sallies fioni 13 
to 5 8 units, and an aieiagc of 31 Hints Ot 4 fluids cNamined foi estciasc 
actiiiti , 2 iieie found to haie aitiiitios ot 0 6 and 0 5 units, the othei 2 had no 
csteiasc actniti The annlohtie aetiiiti ot G fluids lanscd fiom 07 to 7 8 
units The last laluc, obtained in palnnl 0 K was the highest amilasc 
aetuitj found in the entiie stnd\ 

Ot the second snhgioii]), 3 fluids (11 P and ,1 11 ) weic sirnilai to noimal 
fluids Mitli lespect to tiipsiii, anfitiipsin phosphatase estciase and amilase 
All 3 fluids, hoitcici, had lipoKtio actniti (14 12 and 5 4 units and tii 
Initiiiiiase actniti (3 8, 18, and 2 3 units) Tin othci 2 fluids (Ij C) had 
some fiiptie actniti (015 and 004 unit) suine antitiiptic ])Oiiei (7 and 18 
units), and slight lipase and tiibnti iinasc aitnitus The pbospbalase iias 
iioimal On the iiliolt, the fluids ot this suhaiinip difteicd considotahli less 
from the noiinal than those of the fiist subgiou)) 

Oioup VT MficcUancous — This gimi)) ooutaiiis all fluids studied iiliicli 
did not fall into am ot tlio flic gioups so tai disiussed It includes fluids 
fiom patients iiitli acute henign limplioiitn nicningitis (2) poliomi elitis (3), 
and ciieeplialitis (4), as iicll as one patient iiilh ttulnal aitciioscleiosis, one pa 
bent iiith hemilnpoitiopln ot the hodi, 3 pain nts iinh ehoica, one patient iiitli 
suspected caihon inonoNide poisoning one iiatiint iiith postencephalitic sm 
diome, one patient Mitli postdipbtliciitic tabes and one patient Mitli multiple 
sclciosis 

Incicascd cell counts (hnipbooitcs) ueic found in the maioiiti of these 
fluids (Table VI) Piotein conttnis iicii cleialed m 5 fluids of the 12 studied 
The conccntiations oi ehloridcs and sugai iicic normal in all fluids studied 
Despite the oceiuience of inci eased cell eoinits and delated pioteni contents in 
some cases, the enzime findings in the fluids of tins giou]) iicic noiinal foi tlic 
most part One patient iiitli poliouiecphalitis (T) M ) showed donations fiom 
the noimal Positiic, though small, tnptic actniti and aiititiiptic poiiei iieie 
found, high trihiitiiiiiase aetiMti was picseiit and phosphatase was shghtli 
ineieased Ahnoimal li]iolitic actniti was loiind in 2 fluids Tlie lalucs 
found iieie 9 0 and 5 4 units, icspectneli Pom othci fluids had lipolitic 
aetiiities someiiliat higlici than the noimal 

DISCUSSION 

'Jlie picseiit iioik has shown that the noimal ceidnospnial fluid con 
(anis lieta ghceiopliosphatose and in niaiij cases annlase, hut that othci 
eiuymes such as tijpsui, lipase, tulniti iimsc, and csteiasc aie eithci cntiielj 
absent, or aie piesent in small ipiantities in idatndj fen insl.iiiccs The 
Httei lesiilts aie in agi cement with those of KejdC” and Hilled who studied 
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pioteoljtiL and lipoljtic eiizjmes m iioimal eoiebiospiiial fluid and m fluids 
fiom patients uith faehizojihi enia seniJe dementia and epilepsy In tubeicii 
Ions nieningjtis, piiinlent nieiungitis h^diocepliahis hiaiii tunioi, biaiii ab 
scess, and biain ejst, the ceietuospinal fluid is chaiacteiized bj inciease in 
the eimmatie act^Mt^ The question aiiscs as to the soiiice of the cerebiospinal 
fluid enzjmes, lioth in noimal and pathologic conditions of the cential iiei^ous 
sjstem Some of the possibilities 11111 be Inieflj discussed 

Since enzjmes aie peneiall> coiisukied to lie pioteins the piobleni of 
explaining the picsenee in noimal coicbiospmal fluid oi phosphatase and 
anulasc is closch lelated to the still unsohed piolilom of the soiiice of the 
othei pioteins of the ceielnospinal fluid Some authois'* hold that undci 
normal conditions pioteins do not pass liom the blood into the cerebiospinal 
fluid but oijginate nithni the cei cbiospinal cant} Theic is also some eii 
deneo to sliou that the eoiebiospinal fluid acts not onlj as a ineLhaiucal pio 
tectoi of the ceiebiospinal si stem, but also as i iiKdium loi the intcichangc 
of metabolic mateiial between the nenous tissue and tlic blood sistem Tins 
mtciclmnge includes the lemoial of waste piodiuts iioni the nenous tissue In 
lestigation of the onzimts of noimal Inain tisMu lus indicated that this tissue 
contains appiecmblo amounts of phosph itasc * and small amounts of ami laso,*’ 
hut loij little, if am, pioteohtie oi lipohln enzimts’ Oxidases which 
Iiaio been found m Inam tissue in considei ihle ()uantities'’ Inie also been 
icpoitod in noimal coicbiospmal fluid Theie is thiicfoic some paiallclism 
between the enzimes of noimal biain tissue and those ot the noimal ceie 
biospmal fluid Tins mai lend suppoit to tlic li\])othesis that the eoiebiospinal 
fluid takes an actiie pait in the metabolism of the eeiitial nenous sislcm The 
pioteins and enzimes of the noimal ceiebiospim! fluid aceoidmg to this theon 
mai be libeiated into the fluid dunne: the iioimil metabolism of biam tissue 
On the othei hand, it maj be said that since the blood contains phos 
phatase and amilase, the enzimes of the iioimil cei cbiospinal fluid mai be 
denied from the blood If this weie the case one would natinallj expect to 
find tiibutjiinase, lipase, estense and aiititnpsm m the cerebiosjnnal fluid, 
since these substances aie also picsent iii the blood In oidei to account foi 
the leij small conccntiations in which these substances aie found in the 
cerebiospinal fluid, 02 foi then abse/ite it would he necessaiy to assume that 
the deglee of peimeability of the meninges and jilcxi diffeis noimallj for the 
'•'irious enzymes Theie is at pieseiit insufficient expeiimcntal basis foi a 
definite decision on this point In connection with this jnoblem it is inter 
csting to note that choliiiesteiase has been lepoited jnesent both 111 biain 
tissue and 111 blood, Imt not in the ceiebiospinal fluid ’’ It maj be that the 
ceiobrospinal fluid contains choliiiesteiase inhibiting substances analogous to 
the antitijpsin of the blood seium, 01 that the nenous tissue fluid and blood 
fluid baineis aie such that they do not peimit the passage of eholmesteiase 
into the ceiebiospinal fluid M B Bciidci has iceenth lepoitcd ( Vm J 
Piusiol 126 180, 1939) that using the facial none of the cat as an induatoi, ]r 
found cJioliiiGStcrasc actiiiti in fjie ceiebiospinal fluid cqiuialcnt to 1 to 2 pei 
cent of that of blood soium 
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The source of the enzymes of llie cerelirospinal fluid in meningitis, liotli 
tulieroulous and purulent, is also unsettled as yet. The possible sources arc 
(a) increased permeability of the meninges, which may allow passage from the 
blood; (b) the liberation of enzymes by the destruction of brain tissue ; and 
(c) the increase in the number of leucocytes in the fluid. It is difficult to de- 
termine quantitatively the relative importance of these sources. The known 
increased meningeal ])ermenbilit,y in meningitis,® coupled with the fact that 
phos]ihatase, tributyrinase, lipase, and antitrypsin are found in greatly in- 
creased amount in the cerebrospinal fluid of meningiti.s, tends to show that 
these substances come at least in part from the blood. The occurrence of 
some Imeakdown of brain tissue in meningitis-’'’ would also help to explain the 
increased phos])hatasc found in meningitis. It is questionable whether this 
breakdown would give rise to any noticeable amounts of proteolytic or 
lipolytic enzymes because of the scarcity^ of .such enzymes in brain tissue. 
The ]n-e.sence of a tryjitic enzyme in the ccrebro.spinal fluid of meningitis is 
explainable, tlicreforc, neitlicr on the gi’ounds of increased meningeal per- 
meahility nor in terms of destruction of brain tissue. In the purulent menin- 
gitides, where the ])olymori)houuelear leucocytes often amount to 98 per cent 
of all the celts of the fluid, the average trypsin and phosphata.se activities 
were found to he about nine times as great as in tuberculous meningitis where 
the cell counts wore lower and where the polymorphonuclear cells constituted 
only' about 10 to 20 ]-)er cent of the cells. Since it liar, been fjijowir'’^’ that the 
polymorphonuclear cells are much richer in tr.vpsin than the lymphocytes, the 
})resence of tr.vpsin in the eerehrospinal fluid of meningitis can probably hf 
attrilnrted to the polymoiqrhonuclear cells. These cells have also ])een shown 
to have considerable phosphatase activity,’'" so that the high phosphatase 
activity of the fluid in purulent meningitis can he attributed in part to t e 
same cells. Finally, since the autitryqrsin, lijiase, and trilmtyrinase i a ues 
were quite .similar in tuberculous and in purulent meningitis, Imt the trypsm 
and pbos]ibatase value.s were much higher in purulent meningitis, we 
that the polymoiqflioiuielear cells are chiefly resiionsilfle for the tiypsiu a^^^ 
])hosphatase. while increased meningeal permeability is chiefl.v responsn e 
the antitryjisin, lipase, and tributymina.se. 

Our work has shown that the enzyunes in the cerebroa])inal fluid 
eephalus, brain tumor, brain abscess, and brain cyst differ in geneia 
those found in normal cerebrospinal fluid and in the fluids of menme 
Thus it was also uecessar.v to divide the siiecimens of group IV am 
into subgrouijs, according to Avhether or not the meninges or j,o. 

invaded, either hy^ a neoplasm or by^ hemorrhage. However, *■ tu- 
vides a clue to the source of the enzymes. It has been found t la 
mors which invade the meninges or ventricles cause an increase in me 
permeability, while tumors which do not affect the nicninge.s oi y 

have no influence on meningeal permeabilit.v. The fluids of gioup® 
which had high enzymatic activity'- were olitained from patients i 
following pathologic conditions: hydrocephalus due to °®YlT.oecphahis 
foramen of IMouro h.v a hemorrhage into the choroid plexus, ’-V ' 
caused by a cei-ebellar medullobiastonia invading the fonifh ^ 
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cepliaius, ceiebial sufiai aehnoKl ejst ami a eeieliial ahseess ivluch l)ioke into 
the suh.uaclinoKl space In all ot these cases meniiiees oi ccntiiclos iccic iinaclcd, 
so that thcie Mas piohahly mci eased memnpeal pei niealnlitj The fact that 
the phosphatase, Ipiase, tulnitjiinase and antifijiism -calucs neie hiph in 
these fluids indicates that then hifrh eimmatie attnitt Mas cine in considei- 
ahlc mcasnie to the incicasc in ineninKeal pei meahilitj In one case (ceiehial 
abscess Minch bioke into the suhainchmnd space) the fluid Mas ecu tiulnd 
and had a hiph poljinoiplionnelcai count The tijpsin and phosphatase ac- 
tuitics of this fluid Mcie pailiciilaih hi«li in apieenunt Mith the idea that 
these eiiaynics, mIicii piesent in appuciahle qniintities aic denied fiom the 
poljmoiphonncleai cells In 3 patients of pi oup V a shohlastoma of the niid 
(He fossa, an intiaeeicliellai plioiiia and a ceielnal abscess of niidctei niiiied 
location, the enayinatie aetiiitj nas less than that of the patients in Mliom 
the meninges in iciitiieles iieie hiiouii to lie iiuolied The same Mas tine in 

4 patients Mith lelatiiely niild litdioeephalus ilnee of these patients aie 

able 6 to 8 niontlis aftci the stiidns line in idi the fonitli Mas a lecent 

study In some of these fluids boMciei an iiitciestinp question is laised b\ 

the pieseiice of high lipase and ti ibutii iiiasc actnities (Table IV r> S 
T! Cc II , .1 JI , J[ R , 1! I', Ij , Table \ 11 I’ 1. (') In these eases it is nn- 
lihclj that the meningeal peiineiiliiliti is siittn until inci eased to account foi 
the piesence of these enayiiics The leiuoiiti confints of these fluids aie also 
imable to account foi flic high lipase and liihiiti iniasc aetnitics found It 
is, tlieicfoie, possible that the pustnci ot these (n7inies is in some iiai issoci 
afccl Mith dcstiuclion of Inaiii tissue It is kiionii' " that in neiio dogen- 
eiation, nijelin is tonicitod into diophls of nnsatuiated fats ivliich aio 
fmfliei hiohen doMii and elisappoai The piesuiec in In am tissue of laige 
amounts of 1115 elm and othei Iqioids fogithii lufli the otcniicnee of tissue 
(legeneiation m pathologic eonditions of flu In am such as timioi, abscess, 
Scleiosis, and encephalitis, make it appiai leasonahle to assinnc that the 
piesence of lipase and tiihutjiinase in the eei elnospmnl fluid is associated 
"itli the elegcneiation of Inam tissue It is possible that the high lipohfic 
acfnity found m isolated eases of iiiiiltiph seleiosis ceiehial nitei losclei osis 
and caihoii inonoMcle poisoning mas In i \phiim el on tins basis IVhethei the 
cnzimes m question aie paif of the eausi of the degeiieiafion 01 aiipcai ns 
one of the efiects is a question s\ hieli eaniiot he aiisM ei eel as J et 

Anofhci point of mtciest is In ought out hj oui data on lipase, tnbntjim 

ase, and estciase It can be seen fiom Tables t to 1 1 that the abihts of the 

eerolnospmal fluid to hsdiolj/e olise oil does not paiallel its ability to In 

(holjzo fulmfsim 01 etlijl Imtjiate In I'l pithologic fluids liotli lipase and 
tiilnifjimase Mcie found m 11 otlieis fi ihufj iiiiaso seas piesenf hut not 
lipase, m 5 fluids, lipase Mas piesent but not tulmtMiiiasc Dlesen fluids in 
alneli tiibutsimase actisits nas not dcleiiiimed shoMcd lipohtie aetuits 
Since csteiasc Mas found in only 6 fluids, theic is no paiallelism hetueen the 
oceuiience of lipise, fnhuljimasc, and csteiasc Of the ^ fluids 111 mIiicIi 
estciase Mas found, all had tiilmtjnnnse aefnifi, hut oiilv one had lipoletu 
actiMfj Jf appeals fioni this that if is ncccssan to distmgmsh caicfnllj 




‘In gvov\ps IV and V the upper nvxinbcr refers to the first subgroup, the lower number to tlio second subgrovip. 
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l)eU\eeii the ability of tlie ceiebiospmal fluid to Iijdiolj^e tuic lats., simple 
esteis, and csteis of gljceiol and Jou moleeiilai ueifTht fatty acids The 
failinc to do so lias losiilted in some contusion in the hteidtuie, since the 
teims “lipase” and “osteiase” liaAC both lieen used foi the tiibutyiin- 
siilittiiig enzjme 

Aiiothci question \\hieh anses in comicction uith om noik is the pos 
sibilit) of utilizin'," deteiminations of tlu onz 3 mes of tlie ceiebiospinnl fluid 
111 diagnosis of diseases of the cential iioiious system Since the enzymatic 
piopeities of the cciebiospinal fluid in tubcitulous and piuulent meningitis 
(liftei fiom those of the noimal fluid the uizimos may be of use in diagnosis 
Also, the fluid of tulieiculous moimigitis niaj be distinguislicd fiom that of 
puiulcnt meningitis bj means of the tijpsin and iiliosphataso aetnities Re- 
membeiiiig that fluids fiom cases of the pitpaialj tic stage of poliomj'ehtis 
and fiom cases of encephalitis and acute lionigu hmpliocjdic meningitis neie 
piactiCiillj noimal, it may be hoped that the diteiminntion of enzymes mnj 
aid m the diffeiential diagnosis of these diseases fiom tulieiculoiis meningitis 
Although It is at piesent too eailj to make moie definite statements on this 
subject, enzjme studies haie been found to Ik <»t some help in om laboia 
tones and fuithei woik is at piesent in jnognss 

The study of hydioccphalus fluid shows tint the clinunl diagnosis of 
bjdioceplmlus alone, without knowledge ol the < luse of the condition, leads 
to a ^ci\ limited uiulei standing of the chemical and onzvmntio findings Tlien 
the cliMSion of hj’diocephaUis into such flosses as communicating internal, 
ohsfjuetiie internal, and e\toinal hydtoeephahis mdicateshttle of the etiology 
and com sc ot the condition It is neccssm whene\ei possible to find the 
cause of the hjdioeephalus Om lesults iiulinte that it maj lie possible to 
distinguish on the basis of the enzymatic piojuities of the eciebiospnial fluid 
lietwecn cases wheie the nicmiigos oi icutiiclos nie iinadcd In a neoplasm 
01 honioiihage, and eases \vheie the Indiocephalns is due to congenital inal 
formation other than n neojilasm 

Similaily, cnz.vme deteimiiialious maj gne some knowledge of the lo 
cation of tumois, in paiticulai whether oi not thc> iniade the lentiicles oi 
meninges Finalh, fmtlier woik lna^ indicate a closci lelationship between 
the piesence of lipase and tiibutjniiase in the cei ebi ospinal fluid and the 
extent of fattj degeneiation of In am iissue 

CO^CX LSIONS 

1 Compaiatne studies ha^e been made of the enzjmes, cells, and chem- 
ical constituents of 113 specimens of noimal and pathologic ceiebiospinal 
fluid fiom 77 patients The fluids weie examined foi tijpsin, antitijpsm, 
phos])hatase, lipase, tiibutjiinase, esteiase, and amjiase, as well as foi cellu 
lai contents, sngai, chloiides, total pioteiu and nonpiotein nitiogen 

2 K'oimal ceiebiospinal fluid was found to contain small amounts of beta- 
ghceiophosphatase and amylase, and occasional tiaces of lipase, tiibutyrinase, 
‘ind antitij’psni Tijqisin and esteiase xicie ueiei found in these fluids 

3 The ceiebiospinal fluid of tubeiculous meningitis had nici eased 
cnzjmatic activity m addition to abnoimal chemical findings and eleinted cell 
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counl.s. I’rypsiu occurred iu practically all Huids from patients with tubemi- 
lous meningitis. Antitryjisin and trihutyrinase -were eacli found in about 'i'l 
per cent of the tinids. Phosiihatasc urns found in all these fluids, generally 
elevated above the normal. Lipase was found in an apjn'eciable number of 
fluids; esterase Avas never found. Amylase was elevated above the normal. 

4. The cerebrospinal fluid of ]nirulent meningitis contained trypsin ami 
])hosphatase in much greater amounts than did the fluid of tuberculous 
meningitis. Values for antitrypsin, trihutyrinase, and lipase rvere similar to 
those found in tuberculous meninges. Esterase was found in a few fluids. 
Amylase was practically normal. 

0 . The cerebro.siiinal fluid of our hydrocejihalus jiatients fell into two 
groups, de])ending on whether or not there was a lesion of the brain which 
invaded the meninges or ventricles. The fluids of the former group were 
characterized by xanthochromia, high in-otein content, li]iolytic aetivit.v, high 
antitryptic jiower, elevated iihosphatase and trihutyrinase aetivitie.s'. The 
fluids of the latter group were normal, except for the marleed lipoljdic ac- 
tivity found in some eases. 

6. The cerebrosirinal fluid of our patients with hrain tumor, abscess, and 
brain cyst, also fell into two groups, depending on wliether or not the lesion 
invaded the meninges or ventricles. The fluids of the former group were 
found to have generally increased enzymatic activity and antitryptic power. 
The fluids of the latter gimip) .showed le.ss deviation from the normal enzyme 
distribution, with occasional tryjisin, antitrypsin, lipase, and trihutyrinase. 

7. In a group of ])atients with miscellaneous diagnoses, the fluids veie 
normal, except for a patient with suspected polioence])halitis and isolated eases 
of multiple selero.sis, carbon monoxide poisoning, and cerebral arterioscleiosis. 
In the last three cases, high li])olytic activity was found. 

8. The possible sources of the enzyme found in normal and pathologic 

cerebrospinal fluids are discussed. It is suggested that the cnzymics o 
normal cerebrospinal fluid may I’c.sult from the metabolism of biam issi 
or may be derived from the enzymes of the blood. Increased 
activity of pathologic cerebrospinal fluid may lie due to (a) incieasec me^ 
geal permeability, (b) increased number of leucocytes, or (e) destine lo 
brain tissue. . [ 

9. The increased lipase and trihutyrinase present in 

fluid in loathologic conditions not resulting in increased mennioea 
ability may be associated with degeneration of brain tissue. ^ pihcr- 

10. The possible application of enzyme studies in the diagnosis 
eulous meningitis, hjnli'oceiihalus, Inmin tumor, brain abscess, anc 
is considered. 
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NORMAL HEMATOLO(4IC STiySIDARDS IN THE AGED* 


IsiDORK i\IiLi.KK, M.D., Statex Iseand, N. Y. 


I JEMATOLOGIC staudavds liave been jnade for the ages from infancy to 

* thirty years; studies of tlie blood for ages beyond thirty years, and es- 
pecially for the older age gron])s (past sixty years), have been very few and 
meager. Blood studie.s are iiiiportant in both medical and surgical conditions. 
Before we can rejiort variations from the normal blood count, we must know 
the normal values for the various ages and sex. We are presenting a hemato- 
logic study of 160 men over sixty years of age, who were inmates of a home 
for the aged. 

Nascher* quoted the normal blood determinations in the aged as; red 
Idood cells— 3,000.000 to 5, .600, 000; white blood cells— 4,000 to 8,000; hemo- 
globin — 90 to no per cent. Leichten.stern- in 1878 found a large drop in 
hemoglobin from 5.3 to 60 year.s, and a vise in old age. Williamson* di.sagreed 
\vith Leichtenstern 's findings; he stated that the report was based on too few 
oase.s. lie studied the hemoglobin of 919 persons, of whom 152 (81 males, 
71 females) were over 60 years, lie found that the values \vere fairly level 
from the ages of 16 to 60 years (16.9 gin. hemoglobin per 100 c.c. of blood in 
men). Thou the values declined to the age of 75 years (15.22 gm. hemo- 
globin) ; after 76 years there was a small ri.se (15.67 gm. liemoglobin). The 
values for the women ])ast 60 years were less than for the men, but the di - 
ferenees were not as great as at the yonngei' ages. Osgood'' made hematologic 
determinations on various age groups, but his grouping did not include occi 
men and women; in the male group, 14 to 30 years, the average red bloo^ 
cell count was 5,400,000; liemoglobin, 15,8 gm, lie felt that 
values were accurate in relation to each other but were all too higi- 
trobe,* in his studies of erythrocyde counts and liemoglobin, which 
mostly adults from 18 to 30 year-s and a small group of older people, conc u^^e^ 
that there are no significant differences due to old age. He showed t le 
eyte counts, hemoglobin, and volume of packed red blood cells in men ^ 

60 years and in men over 60 years of age to be approxiniafelj the 
those of younger men. He stated that no significant differences 
normal adults as age advanced as long as health remained 
Jones" found that an increased cell diameter in the aged was usua } 
ated ivith some degree of emphysema. , 

Studies of the older age groups vary with the examiner and 
Williamson,* in Chicago, found an average hemoglobin of (55 o-m. 

over 60 years. Rud,^ in Denmark, found an average hemoglobin o 
and red blood cell count of 5,140,000 in 7 men over 60 y^ears. hmg’ 

‘From the New York Cit.v Farm Colony, Staten Island, N. Y. 

Heceived for publication, JammiT 2S, 1939. 
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JXnmaik, found nn a^elaf>c led blood ctll count of 0 100 000 in 22 men oaoi 
60 jeais In a stiuh of "lO men o\ti 60 jcais in IJinssels SliUct and Calle 
Ilelaeis* dotennined the a^ela^rt bcniojrlobin to I)c 13 3 "m , and the led cell 
count, 3,900,000 3>ni^»' sufjgisted a dcficuiit caidiac pouei oi local changes 

111 the skin and cnpillaiies as jiossible causes foi his high icd blood cell counts, 
since hj pel tension is as not piosent ni his patients Jlillet and Balle Ilelaeis’ 
counts Mcic Ion Vanous foims of aneniui maj ha\e Iicin piesent in some of 
then patients 
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iitiiioglobm in gi nis 14 1 i- j 

line m millions 4 4 () ao 5 

MBC 7,700 4 nnorooo 1 

Stnff cells \ior cent 1 ” ^ f i 

Neutioiilulcs per cent o7 40 7 j 

I\niplioc\tos poi cent 0 1 ^ 

llonocjtes pei cent 7 S 1 13 

Fosinopliiles per cent - 7 ^ 

Bnsoj iiilc'. per cent 0 7 0 2 

15 S 14 18 

54 4002 

7 400 4 oOO 11,500 

fi S 0 5 

54 33 78 

■’S 1 SG 5 

4 OO 

1 0 no 

05 0 2 


Oul studies included led ami white blood cell deteiminations, hemo 
glolnn, and a diffeiential smeai on 160 men with ages langing fioin 60 to 
10-t jeais In all these patients blood was olitaincd fiom the fingei pulp 
Our led and white blood cell counts wcu done with standaid pipettes and a 
Beij Ilaussei counting chambei llaj cm’s solution was used foi theied blood 
cell and Tuidc’s solution foi the white blood cell toiints Tlie liemoglobin de 
teiminations weie made with the Ilellige wedge hemometei Oiu ditfeiential 
snieais weie stained with AViight’s solution and 200 cells weie counted on 
each slide These deteiminations weie all made m the summei months (•Tune, 
bilj, and August) and in the Hte afternoon 

Tabic I shows the aieiage hematologic lesults In fiieieai gioups Table 
11 gnes oui aiGiage hematologic \ allies foi the 60 leai and oici gioiip, am 
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presents the range of values in over 95 per cent of these patients. We also 
compared our average findings with those of Osgood* which he obtained in Ms 
younger males. 

DI.SCUSSION 

In the older age groups, senile retrogressive changes, arteriosclerosis, 
pulmonary emphj^sema, and hypei-tension are present to a greater or lesser 
degree. The degenerative changes are an integral part of the senescent process, 
and when we speak of normal old men we include those with changes which 
are peculiar to their age and exclude those with inflammatory or neoplastic 
pathologic processes. In our present study we included ambulatory patients 
who were institutionalized for custodial care and whose physical examination 
was negative except for changes incidental to old age. 

The average red blood cell count in our series was 4,460,000 per c.mni., 
with a range from 3,500,000 to 5,500,000. Both Osgood and Wintrobe in their 
younger subjects found an average red blood cell count of 5,400,000, with a 
range of values from 4,600,000 to 6,200,000. The average red blood cell count 
in the aged is 81 per cent of the average found in the younger ages; in other 
words, the count per e.mm. is one million less for the older age groups than 
for the normal adults. Hemoglobin diminishes proportionately to the decrease 
in red blood cells. We found an average hemoglobin of 14.3 gm. per 100 c.c. 
of blood, with a range from 12 to 17.5 gm. Osgood found an average hemo- 
globin of 15.8 gm., and Wintrobe, of 16 gm. ; their range of values was 14 to 
18 gm. There was an average decrease of 1.5 to 1.7 gm. of hemoglobin per 
100 c.c. of blood in comparing the determinations in the young and the o! . 
On the basis of a 5,000,000 red blood cell count the value for 100^ per cent 
hemoglobin in our stud.v was 16 gm. MMth Osgood’s figures the equivalent o 
100 per cent hemoglobin is 14.7 gm. Wintrobe suggested the use of 14.5 gm. 
hemoglobin as 100 per cent. 


Table III 

Hemoglobik and the Erythbocytes jn Rel.ation to Blood Pr,ESsni:E 

BED BLOoMcELLS 
IN JIILLIOSS 



XO. OF MEX 

HEMOGLOBIN 

grams 

Hypotensive cases 

6 

14.3 

Normal blood pressure cases 

S3 

14.3 

Hypertensive cases (140-160) 

17 

14.4 

Hypertensive cases (160 and over) 

54 

X4.2 


4.37 

4.50 

4.43 

4.43 


An increase in red blood cells occurs in people living in ^ 
in chronic pulmonai'y diseases, and in myocardial insufficiency. ^ 
of the institution where our blood studies were made is 300 eet a i 
level. This elevation is not sufficient to affect our results. We onii ^ ^ 
this study all patients wdth cardiac murmurs, dependent e ema, 
cyanosis, pulmonary fibrosis, and pulmonary tubereidosis. ^ ® 

hypertensive patients. As Table III indicates, we blood 

three main groups according to their blood ® 120 and 140 

pressure group included those with systolic pressures :„cmded those 

and diastolic pressures of 90 or under. The hypertensive gro p 
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ulth systolic piessuies o^el 140 and diastolic piessiucs o^ci 90 In the hjpo 
tensne gioup -weie those -with systolic piessuies luiclei 120 The hypei- 
tensne gioup was subclnided into those with sj’^stolic piessuies between 140 
and 160 and those wuth systolic piessuies of 160 and o^ei The noimal blood 
pressiue gioiip had the highest led blood cell count (4,500,000), and the 
hvpotensne gioup, the lowest (4,370,000) The 140 to ICO blood piessiue 
gioup had the highest hemoglobin avciage (144 gm ), while the 160 and o\ei 
gioup had the lowest (14 2 gm ) The diffeiences in the red blood cell count and 
in the amount of hemoglobin m the laiious gioups weie slight This finding 
diffeis fiom the lesults obtained bj Doles’® who reported an mciease in the 
red blood cell count with hypei tension 

We can only siumise the causes of anemia m old age Chionic low giade 
infections, not sufficient to altei the white blood cell count, may be a factoi 
In a studj of blood sedimentation lates in the aged,” we ha\e shown that 
one third haAe a sedimentation late abo\e normal Oial sepsis is prevalent, 
pyoiihea and canons teeth being the main causes Piostatic hypertrophy is 
common in this age gioup This jnoduces an ohstiuction to the luinary out 
flow and stagnation of unne in the luinan bladdti with an inci eased possi 
bihty of infection and luiuaij decomposition Bionchieetasis may also play 
a pait in this pictuie Tayloi and Schwaitz*’ in a loentgenologic study of 
125 appaicntly noimal men fiom this institution fomul interstitial changes 
suggesting bionchieetasis in 36 cases (27 pei cent) The stagnant bronchial 
secretion may* be a foitilo soil foi chionie sepsis Nophiosclciosis, the com 
mon kidney finding in old ago, may also play a pait in the pioduction of 
the anemia Deciease in the ccllulaiity of the led bone maiiow yvith ad 
vancing age may be another factor 

The ayeiage leucocyte count was 7,700 cells with a range from 4,000 to 
13,000 Osgood, in his joungei gioup, found an a^ciage of 7,400 cells, jangmg 
fiom 4,500 to 11,500 The minimum and aieiage counts agieed fairly well, 
but the old age gioup showed n highei maxinuim \aluc 

The differential smear gaie aieiagc peicentages within noimal limits 
A compaiison of oui findings with those of Osgood is piesented in Table II, 
the a\erage peicentages and the lange of \alucs foi the canons white blood 
cells aie shown Thuty-thiee of oiu patients had an eosinophile count of 
5 per cent and o\ei The highest was 16 pei cent We believe that this was 
due to the skin changes that occiu in old age Atiophj, seliozrhea, diyness 
and pruiitus aie common deimatologic findings in the aged 

CONCLUSIO^S 

1 The led blood cells pci enbie millinietei of blood aie diminished in old 
age The a\eiage led blood ceil count is 4,460,000 Chiome low giade infec 
tioii, nephroscleiosis, and deci eased ccllulaiity of the icd bone maiiow in 
old age may he causatne factors Hypeitension did not piocluce an mciease 
m tlie red blood cells 

2 The hemoglobin pei 100 cc of blood is deci eased in the aged, the 
'ueiage being 14 3 gm The deciease m hemoglobin is piopoitional to the 
decrease in led blood cells 
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3. The white blood cells are within normal limits. 

4. Differential counts are within normal limits. 

The author wishes to expres.s liis appreciation to iliss Jlartlia A. Klose for her technical 
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LABORATORY METHODS 


A SHORT CIT IN (.AS ANAIASIS* 
r S Cotton, 1) St S\nNF\ Ai sii ai u 


I N CLKRENT methods of (Xas .inihsis whcit niou tli.iu ont iris must be 
estimated, onh tiie fiist jras dealt with tan hi absoibed in one imbioken senes 
of Msits to its appiopiiate alisoiption pipttlt In the case ot eacli sas subse 
quenth estimated, the dead spiee t in tadi ot the absoiption pipettes pie 
Moush \isitod must lie fluslad out se\tial times (usnalli tince sepaiato times) 
for the complete dimiiiation of tint jris 

Suppose, foi cNample, that ceitaui •rases i h nid c in II of Fig 1, aie 
to be lemoicd in oidei fiom a gas sample measuud in buietto Bt b\ MSits to 
absorption pipettes A, B, and C, iespeeti\el\ Tin ]noccduie would lun as 
follows 

1 The gas sample, aftci initial me isuiemtnt of Aolume is dincn OAei into 
A the lequisito luimbei of times, Ni and tin iLductd Aolume lead 

2 Ne\t the gas is diuen into B a eeitain numbei of times, saj N-, then 
retuined to A to flusii out the dead spaet dintn luck to B loi auothci senes 
of MSits, Nj letuinod to A twice mou with subsupicnl sciics of MSits, N4 and 
Nj, to B The iccluced \olumo is tlnii uad on utuining to the giaduated 
buietto 

3 The gas must now bo dincn o\ci into C with coiiespondinglj moie 
complicated intciiuptions foi the piupose ot itMsiling A and B to icmo\e the 
last tiaces of the gas c Tins in^ohes a sems of intciiupted \isits N , N,., Ng, Nr, 
to C, with flushings ot the dead spaces in A ind B in between each constituent 
sones of these Msits Thus to comjilcte tlie aiiaUsis some nine senes of tups to 
absoibing fluids must be made, togcthei with st'.cial fluslimgs of capiIlaiA spaces 
Quite apait fiom the loss ot time due to intenuptmg the nsits to on ab 
soiption pipette, the total nuinbei of tups in\ohed is much gicatoi than that 
iieeessaiA to completely absoib that constituent liom one undnided sample of 
gas Thus if 15 tups to the pyio solution weic necessnn to iemo\e qnanti 
tatueh tlie ovygen fiom a gas sample dii\en witliout intenuption into and 
out of C, then not less than 35 to 40 total Msits would be lequired foi tins 
piupose in the loutine analysis to ensuic complete absoiption of the owgeu 
fiom the flushings of the dead spaces in 1 and B 

If the buiette in question Ins a capacity of about 10 mils it does not in 
geneial requiie a gieat many tups to pyio to ienio\c adequately the oxygen, 


‘From the Fatlsue Laborntoo Morgin Hall Han ird l;nhcrsit> and the Department of 
ChjslologA Unhetsitj of Sjdnej 

Recened for publication September 30 1038 . „ « ^ ^ 

, tBj the dead soace is meant the space in each absoiption pipette F C above the 
ot the Lla ntonS ... In the piietten 11 nt FIs 1 .t nl^o .nclnrles the ^olnn>e ot U.e 
Oblique bore of the stopcock leading to the pipette in Question 
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l)ut if, on the other hand, sufficiently accnralc analyses are required to dcinaHii 
the use of a pipette ivilii a capacity of 20 to 25 mils, tlie complete absorption of 
oxygen from this larger gas sample requires a more than proportionate number 
of trips to pyro. It was just such a tedious procedure requiring the estimation 
of carlion dioxide, acetylene, and oxygen from a gas sample that led to this 
attempt to shorten the process. 

The simplest possible ])rocedure in sueli an analysis would be realized if 
the absorption of each gas could lie accomplished by one imbroken series of 
visits to its appropriate pipette. This could be achieved if each constituent 
of the gas mixture could be absorbed from uU hut an aceiiraiehj knom smoff 
fraction of the total gas sample. This could in turn be performed if fhefolloiv- 
ing conditions could be fulfilled. 


(1) That an accurately known amount of the gas sample could be separated 
from the rest and left behind in the dead space of any given pipette 
after the absorption of one gas in it was complete. 

(2) If subsequently either (a) the whole of any nnabsorbod gas remaining 
there in the first place was finally left within that pipette until the ne.vt 
analysis or (b) a conqrlctely negligible amount of any unabsorhed gas 
remaining there in the finsl place was finally left within that pipette 
until the next analysis. 

By an apjn’opriate redesigning of the standard Haldane and Haldane-Gi oil- 
man apparatus, these conditions were completely and quantitatively fulfilled. 
In the ease of the acetylene fraction of the gas sample conditions 1 and 2 (b) 
were fulfilled, atid in. the ease of the oxygen fraction conditions 1 and 2 (a). 
In an alternative method of using the apparatus conditions 1 and 2 (a) cat' 


be fulfilled in the case of both these gases. 

Detail of the Changed Design.~ln Fig. 1, I represents the general design 
of the standard Haldane apparatus, A being the pipette for the absoiptmu o 
carbon dioxide and B the pipette for the absorption of oxygen. The ^•1’® ® 
three-way tap above A and B is sliowi in cross section enlarged belou ( ■ 

In Fig. 1, n represents the Haldane-Grollman apparatus with pipettes 4 i 
carbon dioxide, B for acetylene, and C for oxj'gen. The tjqpe of tlwee-uaj 
above A, B and C, is shown in IV in longitudinal section. ^ 

In the first type of apparatus the dead space is equal to about 
total gas sample, and in the second type it is still more, due to the a 
length of horizontal capillary which is the inevitable result of using t 'C o 
stopcock. This dead space could be reduced in either type of 
setting the menisci higher by means of the adjustable clamp nsna 
with such apparatus. The reduction so effected, however, would sti 
large a dead space with the caliber of tubing currently used, an , 
with the oblique stopcock the smallest capillary tubing that con te ^ 
for use with both gas and liquid would still leave that residual vo ume 
(The horizontal length of capillarj* cannot he reduced to zero.) 

Since it is highly desirable to employ the oblique tj^pe of 
erence to the three-way type, as much less liable to f ® a stop- 

use, this disadvantage of excessive dead space was obv lated hj gu 
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cock to combine the scp»ii<ite aiUtiiitogos ot the t^l)cs shown This is illus 
trated in Fig 2, 1, whicli was diawTi fiom photogiaphs of such a stopcock taken 
from the direction shown b> tlie aiiow in Fig 1 In h the tap is tinned 180 
from the position a Tins stopcock ma\ be dcsciibed as a modification of the 
ordinal} oblique tap, pioduced accomplishing the imaginary act of bending 
one of the paiallel boies at light angles at the centei Tins pemits making a 
\ertieal lead out tube coming stiaight down fiom the stopcock and a\oidmg 
the waste lionzontal length sliown in Pig 1, II Furthei, bj reducing the boie 
of the eapillan , the lesidual dead space (remaining when the msUs to a pipette 
aie completed and the liquid meniscus finalh adjusted) was cut down to an 
cxtiemeh small \olume shown b> the stippled space in II of Fig 2 This, of 
course, includes the light angled bore of the stopcock 

By waning the capillai\ boie m difteicnt e\pciimental pipettes, an op 
timiim diamctei was final!} scented Aihich was siifiiciontl} small foi the purpose 
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in hand and yet sufficiently large for use with fluids. In a similar ivay, start- 
ing with a stopcock drilled ivith too fine a bore, and involving difficulties both 
with regard to undue resistance to the flow of gas and a tendency to Irecome 
partially blocked with tap grease, this bore was enlarged by drilling several 
times, until a diameter compatible with all desiderata was reached. 

In the case of the lead out capillaiy {UL of Pig. 2) an optimum dkmetcr 
was found to be about 1.5 mm., while the corresponding dimensions in the ca-so 
of the stopcock were finalized at about 1.8 mm. diameter for the straight bore 
and about 1.7 mm. for the right angled bore. 

Detail of the Analytical Proccclnrc (Procedure A). — The following descrip- 
tion is given with reference to the general layout of Pig. 1, 1. The reader is 
asked to imagine that the stopcocks shown here arc replaced by the type illus- 
trated in Fig. 2, 7, and that Pig. 2, II, represents the capillary joining cadi 
absorjition pipette to the stopcock above it. After the absorption of the carbon 
dioxide in pipette A and measurement of the changed volume with the meniscus 
set at the lower level L, the adjusting screw is used to raise the fluid level 
to the upper mark U, just a few millimeters lielow the stopcock. This stopcock 
is then turned to the position shown in 7 a of Fig. 2, And the gas driven into 
and out of pipette B a sufficient number of times (previously determined) k 
completely ab.sorb the acetylene. The menisci of B and A are then set to their 
corresponding L marks® and the second reduced volume is read in the burette. 

Next, before proceeding to drive the gas into A the fluid levels in A and B 
are both raised to the U levels and the stopcocks are appropriately turned, lihen 
sufficient vi.sits to pyro have been made, the final procedure must he carried out 
rigidly as follows: 

1. The pyro meniscus is set to its liiark. 

2. The stopcock is turned to communicate with B and the hulk of the 
nitrogen driven into that pipette to dilute the contents of the residual deac 
space and so reduce the percentage of oxygen to a negligible amount. 

3. The fluid meniscus is set to the L level in B and the same proccdiue a.s 


2 repeated in the case of pipette A. 

4. The final volume is read in the burette and the uncorrected peicentaoCS 
of carbon dioxide, acetylene, and oxygen are calculated. 

5. The acetydene percentage is then increasedt by 1/500 and the 
percentage by 1/250 (corresponding exactly in each case to the volume n 
locked up in the residual dead spaces), and the analysis is complete. 

The following example illustrates in the order of the maximum 
involved, since the percentage amount of oxygen in the sample.s 
seldom exceeds 22 per cent. Tlie uneorreeted analysis gave 5.37 pei cen cai 


dioxide, 10.54 per cent acetylene, and 22.19 per cent oxygen. 

‘The setting- of the meniscus of the capillary attached to 
each reading of the burette, but omitted from the text to simplify the ne consh'uctt'*- 

fThese convenient ratios did not fall out by chance when to secure O'® 

Ther were altered several times as a conseauence of ^drilling the By 

nntiinal bore. The correction concerned -was then about X/4-10 ‘ p,.p found to 

udre rings around the capillary for graduation marks, ,ll|(tfate insP®®**'’,".- 

more suitable ratios quoted above, and .so permit of '=='’®hIation by im ’ described m 

method for accurately determining the volumes of tlie icsidual dead sp 
Addendum. 
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The coiitclion foi the acctiluu .imoiiiits to 1/500 ol 10 54 pci cent, ic, 

0 021 pci cent oi 0 02 poi cent to the neaicst sigiiifieant figiue, ulnlc the coi 
lection foi tlie ONcgen .imounls to 1/250 ot 2219 pci cent, ic, OOSS pel cent 

01 0 09 pel cent to the neaicst significant figuic 

Fiutlici, since the total columc of tlic capillan scstem of tlie manifold is 
less tlian 1/50 of the Inuettc columc the effect of tlie fiml tliishmg piocediue 
IS to lemoce all CNcept 1/50 of these coiieetion icsiclnals Inasmuch as this 
final lesidiie has a maNiniiim cahic of 1/50 ot 009 pel cent it iiill be olniouslj 
cpiitc negligible m icsjieet to the succeeding inahsis 

To illustiate the aceuiaec ot the method a sciies ot fne eoiiseeutue pairs 
of duplicate anahses, oceuiiing in lonliiie estimation ot the caicliac output In 
Giollman’s acetjlene method, aie gicen in Table. I The duplicate anahses peie 
made In two sepaiate machines 



MinUM y 

Mwmxi B 

Carbon di »M<le 

b -is 

1 4S 

Acetylene 

St- 

b OJ 

Owgon 

lo o 

15 37 

Total 

04> 

30 4S 

Carbon (IioskIc 

0 0“ 

5 Co 

Acety leoc 


0 60 

0\j gen 

11 I > 

10 00 

Total 

1 hi 

01 91 

Caibon (lioxilo 

Ihl 

4 93 

Acetjleno 

10 3s 

10 30 

Os\gen 

If 4< 

17 47 

Total 

U “s 

32 78 

Carbon diovide 

r 7> 

0 76 

Acetjlenc 

b2a 

S2o 

Ovj gen 

1164 

14 64 

Total 

29 64 

29 64 

Cirbon tlioxule 

0 o7 

5 57 

Acetylene 

roo 

7 05 

Oxygen 

Ih 4J 

16 44 

Total 

JO Oo 

29 Oh 


•It should be noted bj those interested In analyses of acet^lene that the tlesre© of ac 
curacj illustrated in Table T Is not obtainable unle'^s lh(* mercuij in the burette his been 
thorou5hlj cleaned "When the niercuri surface becomes dutj the analytical accuracy falls off 
ren ukably This Ins been obsened bi others but no complete explanation has ^et been giien 
The seiics In the table has therefoie been selected from this point of iien but it is a fair 
Jepiesentatlon of the accuricj of which the method is capable 

Fwthe) SimphficaUon of the Anahnt'^ (Pioeoduie B)— When a senes of 
unhses aie being made a simpJifiefition of fhc foicgoing pioctdiiic ma^ be 
adopted Mitb adtantage In this the final flushing of the absoi lying pipettes 
nitiogen mat he omitted without loss of accuitut piotided the following 
lontine be stiicth obsened 

1 Aftei the pMo mcniseus lias been set the stoiieock is tinned to pipette 
when the cletated liquid column immcdntch diops This is quickh pushed 
down to the lowei engiaeed maik In means of the adjusfinir sciew, the mtniseus ^ 
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is set, and the stopcock turned off to aii oblique position. The effect of this 
procedure is to carry the oxygen within the residual dead space doivn to the 
lower portion of the gross dead space and to prevent effectual!}' its diffusion 
back into the capillary of the manifold. The same procedure is then repeated 
in the case of pipette A. In this way these two small oxygen fractions are kept 
within the system, and become absorbed during the next analysis. Since the 
error thereb.v introduced is only 1/250 of the difference in the percentages of 
oxygen in the two samirles, it is clear that no correction need be applied unless 
the difference in composition amounts to about 3 per cent. This seldom happens 
in a series of analyses. If under exceptional conditions a greater difference in 
two samples does occur, it is merely a matter of a moment’s inspection to make 
an accurate correction. Tbns if an analysis yielding 20 per cent of oxygen 
followed another sliowing- 14 per cent of oxygen, the former would require a 
correction of 1/250 (20-14), i.e., 0.02 per cent. In order to test the accuracy 
of the procedure just described (Procedure B), an experimental mixture of 
carbon dioxide and oxygen was prepared, well mixed, and several samples were 
taken off. These were analyzed in duplicate in each of three machines by the 
short-cut method just described and in one machine by the standard Haldane 
procedure. Tlie results are sliown in Table II. 


Table II 


TYPE 

OF ANALYTICAL PROCEDUBE 

ANALYSIS NO. 

1 2 

MEAN 

JIACni-VE 

Standard 

Carbon dioxide 


3.65 

mamm 

A 

Haldane 

Oxygen 

1G.83+ 

16.84 

16.84 


Procedure 

Carbon dioxide 
+ Oxygen 

20.50+ 

20.49 

20.50 


Short cut 

Carbon dioxide | 

3.67 

3.08 

3.67+ 

A 

Procedure B Oxygen 

Carbon dioxide 
+ Oxygen 

10.83 

20.50 

i 

10.84 

20.62 

i 

16.83+ 

20.51 

B 

Short cut 

Carbon dioxide 

3.66+ i 

3.66 i 

3.66 

Procedure 

B Oxygen 

Carbon dioxide 
+ Oxygen 

16.83+ 

20.49+ 

16.84 

20.50 

16.84 

so.so 


Short cut 

Carbon dioxide 

3.67 

3.66 

1 3.66+ 

1 ^ 

Procedure 

E 0.\-ygen 

Carbon dioxide 
+ O.xj'gen 

10.84 

20.51 

16.S6 

20.52 

36.85 

20.51+ 



SUMMARY 

1. A method is described to obviate the flushing of the dead space 
routine gas analysis. 

2. In the case of a triple gas analysis, such as for carbon dioxide, 

and oxygen, the number of visits to absoi'bing solutions is reduced to m o 
of half the usual number. 

3. The error introduced thereby' is onlv a small fraction of tlie 

error of the gas analysis itself. _ . 

4. The method depends upon special points of construction m 
analysis apparatus which are described in full. 
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Addcnditni Tlie deteiniination of tiic ^oIume of the lesidual dead space was 
estimated in the following naj 

1 Pure oxygen Mas taken into the maeliiiic and used to flush out both 
pipettes A and B aftei -nliidi the meiiisei neie laiscd to tlie V mailcs and the 
stopcocks tinned to lock up piactiealh piue oxigen in the lesidual dead spaces 

2 The oxjgen in the buictte was then leplaecd 1« an and bi sufficient 
tups to ptio all of that gas icmoied so as to lease nitiogen onh 

3 Bj appropiiate tuining of the stopcocks all 3 menisci neie then set to 
the L maiks and the buiette xolume Mas lead 

4 B} adequate leflushing of the ststem and tups to piio all the oxjgen 
iiOM 111 the sjstem Mas absoibcd and the diminislied buiette \olume lead 

5 The diffeience of the tMo \olumcs gnes the sum of the lesidual dead 
spaces Since the dimensions of these aie almost identical each indiMdiial dead 
space IS one half the total so obtained 

I Wish to express mj thanks to Arthur H Thon as Co of Philadelphia for their coopera 
tion in making all the stopcocks and most of the experimental glassware required for the work 
Thej no^ make the complete apparatus 


DETECTION OF BLOOD BY JIEANS OP CIICMILUMINESCENCE* 


Fuederick Proescher, JI D bAv JOi>E, Calif, and 
A M HooD'i, BID, Sa\ Francisco Calif 


T he cliemilimimescence of eeiiain oi8:anK coinpoiiiuls Jias moused considei 
able aeadenne inteiost in leccnt \eais Tlie two most aetne substances 
are 3 aniinopht]]alh\ diazide (Iiiminol) and dimetlo Idiaei} dil nitrate A\hich, 
bj oxidation, exhibit an intense iuminosccnce that so fai siupasses all such 
kiiOAMi plienomeiia 

Glen and Pfaiinstiel,^ and Wegicr June lecenth made a tiioiou^rh iinesti 
gation of the 3 aminophthallij diazide and othei substituted Indiazides, and 
described neA\ methods foi tlieir piepaiatioii Tlie 3 aminophthalln diazide 
was fiist sjnthetized b) Scliuutz,® luidei the duettioii of Curtins, fiom the 
estei of the hemimellitic acid Latei on Curtius and Semj^ei^ obtained it fiom 
3 nitiophthalacid 1 cstei bj boiling with IiAdiazmc Indiate TIica noticed 
the Aerj strong bluish fluoiesceiice in acid solution, hut the most inteiestmg 
piopeitj, the chemiluminescence, escaped then obserAation 

The 3 ammophthallndi azide exhibits an intense blue chemiluminescence, 
bj oxidation in alkaline solution, aaIiicIi AAas obsei-\ed foi the first time b> 
Lommel in the Keseaieh Laboratories of the I G FaibAAeike in LeAeikusen, 
GeiinaiiA Lommel did not publish his obseiAation but luteiested Albiecht 
lu stiuh mg the phenomena fiom a pin sieocheimcal standpoint HaiACA® found 

7 ^rom the Santa Clara Counts Hospital San Jose and the St Francis Hospital San 
Francisco 

Received for publication October 30 3938 
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that cheiuilumiuesceiiee of the alkaline .solution of S-amiuophthalhychazkle 
appeals by anodic oxidation, or throngh activated molecular oxygen (activated 
by metals). Harvey considered the appearance of luminescence a criterion of 
active oxygen. 

In 1935 Hundress, Stanley, and Parker' published a method for the prep- 
aration of o-aminophthalhydrazide, and named the substance hnninol. Harris 
and Parker‘S made physicochemical measurements of the ciuautum output of 
the chemiluminescence ])roduced by luminol. According to Cilen and Pfannstiel, 
a convenient method for the preparation of pure 3-aminopIitlialliydrazide con- 
sists of boiling benzisoxazolon -4-carbonic acid with a strong aqueous solution 
of hydrazine. After diluting with water and cooling, yellow crystals of pure 
hydrazide are obtained. If the benzisoxazolon -4-carbonic acid is boiled for 
a longer time with hydrazide, or the yellow hydrazide treated with hoilmg 
hydrochloric acid, pure white hydrazide is obtained in good yields. The light 
yellow 3-aminophthalhydrazide is a phthalazine derivative existing in three 
tautomer forim. 



Amh\o-l-4 dioxo- Amino-1-4 dioxi- Amino-l-oxi-t oxo- 
plitlmlazindihydrido phtliala/.hio phthalazindiliydridc 

In dilute acids it is only slightly soluble. Such solutions probably contain 
form I and give a strong blue fluorescence. The addition of oxidizing agents 
like hypochloi’ites, does not produce luminescenee. Forms Ila and Ilb exist 
in alkaline solution. The 3-aminophthalb.vdrazide is easil.v soluble in alKab 
and forms well-defined monoalkali salts. The solution exhibits a very veak 
green fluorescence but gives an intense blue luminescence by oxidation lyith 
sodium hypochlorite. The aqueous solution of 3 -arainophthalb.vdrazide gnes 
a strong blue fluorescence, as do also the solid .substances ; forms I and II 
are probabl.v combined into a salt. Chemiluminescence is only produced 
oxidation in alkaline solution of form IT. Originall.v calcium hj'pochlorite 
was used as an oxidizing substance, but other oxidizing substances like 
slum ferricyanide, aramoniacalic copper solution, manganese peroxide, co oi < 
platinum, blood and vegetable peroxidases produce the same effect. I®;"®' . 
oxidizes slowly and produces a weak but continuous luminescence nlu® ' 
creases with the elevation of temperature. Lumiuesceuee may continue 
months at room temperature, hut is weak in intensity. Per-snlfates 
similar action. 

The 3-aniinophthalhydrazide is rapidly oxidized with the ^ 

aliphatic acids and becomes brown in color. If the amino group is acely <i ^ 
acetyl 3-aminophthalhydrazide is formed and does not give a bromi 
ation by oxidation ; the liuninesceuce is slightly green but very intense. 
bi-,st phase of the reaction is the oxidation of tbe hydrazide to an azo eompou 



I’HOE^CIirR '\IOOD\ 


DimiioN 01 niooi) B\ cm mim mim scfnci 1185 


r 



C= 0 c-ori c=o 


Ihc azo compound lias not been im)I ited so tai Dinnijr its foimation 
eneig\ is stoied The a/odiaz\les au not watci stable and Inch oh ze almost 
coiiipleteh m the piesence of alkali 


JL 



Ihe hypothetic inteimechan piocUut tin dnnid leuts with aiiothei molecule 
ot the azo compound 





The last t«o equations (lemonstiate the luimiiesunt pioccss The o\icla- 
tion, theiefoie, is not the diieit cause of the liiiiiiiicsceiioe but oiih senes to 
pioitiice the azo coiiqioiiiid It this i oiiipouiid is toiiiied, luiiiiiiesceiice oiilj 
appeals aftei the addition ot alhali The osidatioii of 3 aiiiiiiophtludln diaaide 
foims ail azo coiiipouiid uhich is ajraiii tiaiisfoiiiud into an actuated fluoies 
cent anuiiophthalln di azide 

Albieeht had alieadi noted th.it blood as nell .is fiesh potato jiiice, pio 
diieed a stioiip: Iniiiiiiescence in the piesence of hidiojreii peioside Glen and 
Pfaiiiistiel confiinied Albiecht’s ohsenatioii Boiled les'etahle peioMilases 
did not pile a Inniinescence Piiii Iiematiii piodnced the most biilliaiit 
liiiiinieseeiiee 

Upon the siiiigestion of Glen and Pfaiiiistiel Speclif' called attention to 
the forensic detection of blood stains hi nicaiis of cheiniliimiiieseence Specht's 
e\teiisi\e iniestigations nith fiesh and old blood stains, as nclI as othei 
stains nhieh siiiinlatc blood, like coloied picseiics milk, coftee stains, oigaiiic 
and inorganic diestnffs (eosiii, seal let led, etc) speini.i, saliia, niiiie, feces, 
.and othei blood fluids, did not gne a luiniiicscence TV.allpapei, fabiics 
leithei iiioldi hicad, fungous cnltuies oils and oil colois, laiiiish, miiiei.al 
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oils, wax, shoe cream, soil, ela 3 ’^, sand, various stones, wood, grass, leaves, 
metals (copper, iron, brass, lead and zinc), did not produce a luminescence. 
Other metal oxide.s, especialhv rust, which in practice is often contaminated 
with blood and reacts stronglj’ with hj'drogen peroxide, do not react with 
luminol. Specht demonstrated the praetieability of the method b.y spra.ving 
bushes, stone walls, rust}' fences, etc., with blood ; after exposure to sunlight 
and rain, luminol made the blood stains distinetlj' visible so that they could 
be photographed in the dark. Blood could also be detected in water, soap 
water, and sewage. A weak luminescence may be produced in the presence 
of hj'pochlorites, but with the careful addition of sodium hj'droxide a momen- 
tar}^ marked lighting will appear. Blood stains on hands could also be de- 
tected easil}’. 



Piff. 1, — Model experiment irith hematin. Photographed with orthochromatic film, sensitize 
with ammonia. Exposure time; forty seconds. 

The S-aminophtlialhj'drazide which we used in our experiments was oh 
taiued from the Eastman Kodak Co. It is a j-ellow, amorphous substance, 
easilj' soluble in a sodium carbonate solution. It is probahlj* a mixture o 
yellow and white hj'drazide and exhibits a greenisli-jmllow fluorescence m 
ultraviolet light. This substance is difScult to dissolve in boiling hydrochloric 
acid, and the acid solution does not fluoresce. The alkaline solution exliMs 
a brilliant Inmiueseenee with sodium hj'poehlorite, potassium ferriejam > 
ammoniacalie copper solution, manganese peroxide, hematin, and vegeai 
peroxidases. 

Specht used a 0.1 per cent solution of luminol in 5 per cent sodium ca^^ 
bonate with the addition of 15 per cent superoxv'dol (Merck) or 
luminol in 100 c.c. of a 0.5 per cent solution of sodium peroxide, in his 
ments. The concentration of the sodium carbonate can be reduced to . 
cent without impaiidng the brilliance of the luminescence. The 
superox.vdol can be replaced by the cheaper 3 per cent commeicial ? 
peroxide by adding 10 or 15 per cent to an alkaline luminol so 
brilliance of the lumineseenee diminishes in a short time (ten to e 
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iites) with a soda alkaline solution ol lummol, but ulieu hmiinol is dissolved 
ia a filtered saturated solution of caicmm ii 5 'di'oxide, the luminescence is 
prolonged. 

AVe can confirm SpecUt*s findings as to the negative luminescence of the 
various above mentioned substances IVhile the test is primarily a presumptive 
one for blood, it greatly facilitates the detection of blood stains as large areas 
of suspected material can be examined rapidly We detected blood stains on 
paper, fabrics, and iron pipes which )nid been exposed to suiilig'lit and air 
for three years. Three-year-old putrefied blood also gate brilliant lumines- 
cence. Dried and decomposed blood gives a strongei and more lasting reac- 
tion than fresh blood. If the lummesoence disappeais, it may be reproduced 
by the application of a fresh himniol-lit diogen peroxide solution. Dried blood 
stains may be made luminescent many times Piesh blood stains which liave 
been allowed to dry for a short time, iua\ be made more luminescent if they 
are first sprayed with a 1 or 2 per cent solution of hydrochloric acid, which 
hj’drolyzes the hemoglobin and produces acid Jienmtm Application of the 
alkaline luminol solution will give a strong luminescence 



Eis 2 — Hustj steel plate ■with oil paint and spots contaminated with blood stains ten 

days old Photoeraphed bj da> light 


Carbonized blood can also bo detected if extracted uitli boiling dilute 
hydrochloric acid (10 per cent), the filtrate made allcaliue and mixed with 
luminol and hydrogen peroxide The remaining carbon, if still containing a 
sufficient amount of heniatin, will also react with luminol if aJkaimized. TJie 
chemical reaction that takes place between luminol, hematin, and hydrogen 
peroxide, is as follows : The nascent oxygen of the hydrogen peroxide is 
transferred to the bivalent iron of Jieinatiii nhich oxidizes the luminol and 
produces the luminescence. 


Luminol reacts with animal, as well as with human, blood and is, there- 
fore, only a general reagent for peroxidases The advantage of luminol for 
the defection of blood, is its extreme sensitiveness; hematm can be detected 
in a dilution of 1 :100, 000,000. If blood stains are detected with luminol, they 
must be differentiated further as to their specific nature. Luminol does not 
interfere with spectroscopic, chemical, or precipitation tests, for the definite 
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ideiitifieatiol) of blood. IleDiatm and Jieinoeliromogen crystals of dried blootl 
B'cre obtained after rejieatedly treatin'!' blood ivitli luminol. Tlie precipitin 
test can be applied if the blood is not decomposed. 

Reagents . — Dissolve 0.1 gin. of Inininol in 100 c.c. of a 5 per cent solution 
of eheniically pare sodinm carbonate. This solntion may be kept indefinitely. 
Add 15 to 20 e.c. of a 15 per cent snperoxydol solntion (iMerck) or the same 
amount of a 3 per cent commercial hydrogen peroxide to 100 c.c. of the 
luminol solution. If sodium peroxide is used in place of hydrogen peroxide, 
add 1 gni. to 100 c.c. of the Inminol solution. Solutions .should be made ivitli 
distilled xvater and stoi'ed in clean bottle.s. The hydrogen peroxide or sodium 
peroxide should be added just before making the test. Traces of metal salts 
or free halogens ivill produce a slight luminescence, but this does not inter- 
fere ivith the test. 


/ 

f" 
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Fig". 3. — Same as Fig. 2 sprayed with tuminol peroxide and pliotographed in darkroom. Or' 
chromatic aim. Exposure time; two minutes. 

Rrocedi/re.-~To detect fresh blood in solution, it is preferable to 
form hemoglobin into hematin. The solution is acidified with a few diops o 
chemically pure concentrated hydrochloric acid, boiled for a few roni i 
cooled, and alkalized with a chemically pure sodinm carbonate solution. 
ing will destroy vegetable peroxidases which also react to linninol. 

10 c.c. of the luminol-peroxide reagent to the alkalized solution. If 
present, a brilliant luminescence will immediatel.v appear, The 
the luminescence depends upon the amount of blood present. If ffi® 
cenee fades, it may be reproduced by adding a few cubic centime 
hydrogen peroxide. This test is best performed in a darkroom. ^ 

To detect blood on paper, fabric, leaves, etc., it is a 

spray such areas with a 1 to 2 per cent solution of hydrochloiic 
glass atomizer, to be followed in ten or fifteen minutes bj spiajm^ yeacreiit. 
the sodium carbonate solution and then with the Jominol'peioxue ^^^^^^^^^ 
When blood is present, the smallest droplets become luminescent ^ 

If the luminescence fades, it ma.v be reproduced by allowing le 
dry and again sprax’ing with the reagent. 
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To detect blood in c.nboni/ed iiiatpiial, it sliould be giound and 

extiacted a 10 to 15 pei cent solution ot boding hjdiocJiIonc acid Aftei 
filtiation of tlie nndissohed lesidue, the evtiaetion ma-v be lepeated se\eial 
times, the combined filtiates o\apoiate(l to a small Aohiine, and the solution 
alkalized and tieated as pieMonbl\ desciibed The nnsoluble lesidue may be 
suspended in a 5 pei cent soduuii caibonate solntioii and mi\ed Mith the 
leagent If the heniatin is not coinpleteh ovtiaitcd, tlie undissohed pai tides 
lull pioduce a distinct luminestencc 

Conclusion —The 3 aininophthalli\dia7Kle (hinnnol) in soda oi eaith alka 
hue solution, in the piesente ot small amounts oi h\<hog:en peioxide, is e. 
geneial leagent foi peioxidases like leucomalachite giecn, benzidine, plie 
DolphtJialein, etc AVlnle tbe lencoaniliiie base^ gi\e a distinct coloi leaetion 
in combination uitli Indiogeii peio\id< lumniol e\lnbits a biilhaiit himmes 
cenee m the daik Tlie himiiiescence can be pliotogi aphed m ith oitlioobiomatic 
plates 01 films, nitli an e\iiosiiie time oi lioin (no to slxt^ seconds Luminol 
is an exticineh sensitne lengent foi liematm Inoitranic eatahzeis, such as 
Inpoehloiitcs, manganese ])Cio\ide ftnic\ani(k «olloidal platinum, osmium 
tetiOMde, and gold cbloiide do not come into (onsideiation in foiensic cases 
IIo\re\ei, tlie^ nJn^ all be oasih identified b\ (Inmnnl lenctions Othei ina- 
teiials and substances in common daih use do not luminescence 
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This jar will operate very satisfactorily ivitli illiuninatinn' gas, if tlje 
nietliocl described by Brewer and Browiv' is followed. The use of this lid ivitli 
illiiiniiiatiiig- gas simplifies the use of anaerobe jars, for it eliminates the hy- 
drogen e.vlinder, reducing valve, generator, and lamp bank or rheostat, thereby 
reducing the cost of equipment to less than one-half. 

sumsiary 

The advantages of the Brown anaerobe jar over jars of similar type have 
been pointed out and a modification has been described whicli possesses the 
following additional features: Tlie electrical current does not pass through 
the jar, thereb.y eliminating the possibility of explosion due to sparking at 
loose or broken connections. No rheostat or lamp bank is required; the jar 
connects directly to the 110 volt current. The general design of the lid has 
been changed to conserve space and to aid in handling of the equipment. 
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AN OXYGENATOK WITH A LAEGE SURPACE-VOLUMB RATIO' 


John H. Gibbon, Jr., M.D., Philadelphia, Pa. 


T he most essential part of any apiparatus for the perfusion of organ.s is the 
mechanism for oxygenating venous blood. In order to introduce an ade 
quate amount of oxygen into a swiftly moving stream of blood, the oo<. 
must he spread out into a very thin film. Such a film has been produce ni 
a variety of ways : by centrifugal force, by bubbles, by flow through a laUc^ 
ing cloth curtain, and by passage over glass heads. In general, the c i 
encountered are foaming, frothing, hemolysis from the trauma, and pioc u 
tion of vasoconstrictor substances in the blood from mechanical agitation 
hlost of the oxygenators which haim been described contain a le a i 
large amount of blood in proportion to tlie rate of blood Aon 
apparatus. To perfuse an entire animaP it was desirable to have 
of introducing ox.vgen which did not require a large volume of pje 

oxygenating apparatus. In other words, it was desirable that the la lo^^^ 
surface available for a film of blood to the volume of b/ood n hc i 
paratns contained should he a large one. In addition to t le a r. 


•From the Surgic.ol Laboratories of tlie Massacliusetts General Hospital an 
Aleclical School, Boston. 
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\ohiine latio it amis iiecessai\ loi tlio oxAfrenatoi to <Rcoitiniodate Aaijing; 
lates of iloAv (100 to 500 c l poi minute) uit)ioiit foiininiti- It aaus also esseii 
tial to malcc tlie diftusiii** siiifiKc ol llie apjiaiatns lai^c ciioiifrh to iiitioduee 
sufficient o\.A"eu to maintain lilc in a small animal 

A miinboi of diileient tAjies ot ow^^enatois ]ia\e bten desciibed Hookei- 
m 1915 deMsed a icAohinj? fiat disk onto tiip tentei of uliicli a stieain of 
blood A\as led fiom aboAc The it\ohm*r disk tliiPM the blood m a thin film 
aftainst the sides of an niA cited jrltiss bell ]«ii Ilookei fta^e no figures as to 
the late of blood flow, Aoluine of blood (oiitained oi <nnoiint of oxjgen in 
lioducod pel minute In this appaialiis The ob\ions diawbaeks Aieie the 
pioduction of foam and the diffieuItA in (Msiiinig the blood would lemam 
m a film on the sides of the bell jat Also m 1015 Richaids and Dinikei'^ 
described a method of oxAgenating blood h\ alloAiing it to iim through a 
silk cm tain exposed to o\\gcn As the blood satniated the cm tain theie 
A\eie tAAO smfaics exposed (o ox\gen 'lln late ot floAv AAas 50 c e pei iiiiimte 
and it intiodiiced 3 73 c t of oxAgen pei nimuft fn 1922 Diinkei, Dinikei, 
and Limd^ med a Ilookei t\p( of oxAgdiatoi whnli accommodated a blood 
flow of fiom 10 to 60 cc poi minute Ihnnsfcm in 1926 oxAgenated blood 
to peifuse the hind liinh of a dog Iia passjn_ blood fliiongli a glass chnmbei 
filled Avith glass beads OxAgem A\as blown fhion^li tins {hanibei in the diiec 
tioii of the blood flow Illood floAxed tliion^ij ilu <ippn«itus at a latc of 200 
to 500 tc pel jiumite In 1928 Ba\Iiss and Ogden’ dOAisod an oxa 
geiintoi consisting of a tici of lotatnig disk'' 1 lit blood when thiown to the 
side of the apiiaiatiis fiom the top disk was a^ain Jed into the ceiitei bA n 
stntionaiA fniinel shaped letauiing wall wlinh tliopped the blood upon tlie 
second leAohmg disk Illowing a sfiiam ot oxAgen tlnougli the appniatiis 
coiisidciablA incieased its effieieiicA With a tioi ot fi\c disks the oxAgonatoi 
held 54 c c and actomiiiodated i.ites ot flow up to 260 t t pei minute The 
smface area was apjn oxiniateh 1 500 s(| cm and it was possible to lutioduce 
as much as 27 ce of oxAgen pei inimite into tin blood Eauus/ using this 
apparatus, cxpeiienced tioiible Auth fi( thing In 1932 aoij Bnlei and Ilej Ilians’^ 
dcAised an oxAgeiiatoi consisting of a taige splieinal glass bulb into Achieli 
blood and oxjgeii A\eie nnected uiulei jnessme thiough small tipped openings 
Aihitli AAcie almost in contact with e<i(li otbei 3 he blood aaus thus bloAAii in 
fine dioplefs against tlie inside of the spheiic al glass bulb Tins appaiatiis 
could accommodate lates of flow iiji to 250 c< of blood pei minute ancl 
mtioduced as much as 20 c c of ova gen pei minute 33ie nuthois state that 
\uth “piopei liandlnig” no fiofhing occinicd with defibi mated blood Slight 
lieiiiohsis AAas occa'-ioiiallA pieseiit In 1933 DalA and 'riioipe** desciibed u 
modification of tlie Ilookei tApe of oxAgenaloi It consisted of thiee hon?on 
till iCAolMiig disks and tliiee tall glass cAlmdeis aiianged coiiccntiicallA 
This appaiatus had a smface mea of appioximatelA 31,000 sr/ cm, held 300 
e c of blood, and inti odiiccd about 17 c c ot oxa gen per mnuitc Ci uikshank^’> 
ni 1034 desciibed an oxAgenatoi consisting of a ie\olAing spiial sheet of 
metal msidc a hon/oiilal cAlimUi This appaiatiis had a smface niea of 
*ippi oxnnateh 7 500 scj cm contained 400 tt of blood, and Axas capable of 
mtiodiicmg 34 c c of ox\gcn pei mimite 
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It seemed to us that another and simjder ivar of producing a very even 
thin film of blood ivould be to direct the blood against the inner surface of 
a vertical revolving cylinder. The centrifugal force would ensure the main- 
tenance of a thin even film. The blood would be collected at the bottom of 
the cj'linder in a stationary cup, into which the revolving eud of the cylinder 
would extend. The passage of the blood from the lower edge of the revolving 
cylinder to the walls of the stationary cup had to be accomplished without 
prodncing foam or hemolysis from trauma. With such an apparatus the blood 
would leave the lower edge of the revolving cylinder at a tangent to the 
cylinder, and when it struck the retaining wall of the stationary cup, its 
direction would be changed to that of a tangent to the stationary cup. It is 
obvious that if this eliange in the direction of the blood as it strikes the re- 
taining sides of the stationary enp is kept minimal, less trauma and foaming 
will occur. Hence it was desirable that the space between the eup and the 
revolving cylinder should be as small as possible. It is also obvious that with 
any given gap between the cylinder and the enp, the change in direction of 
the blood will vary inversely with the diameter of the cylinder. It was with 
these principles in mind that the oxygenator here described was designed. 

Apparatus . — The o.xygenator consists of a vertical steel cylinder (Fig. 1^)> 
46 cm. in length, with an internal diameter of 14 cm. Roller bearings {B, S ) 
are tapped on both ends of tbe cylinder, Tlie external surface of the lover 
end of the cylinder is planed off to a depth of 3 or 4 mm. so as to form a 
shoulder about 10 em. above the lower end of the cylinder. In the upright 
Ijosition this shoulder rests upon the inner racer of the lower roller heariug 
(B') and supports the weight of the cylinder (this detail is not indicated m 
Pig. 1). The cylinder is maintained in its upright position by three square 
upright pillars of steel (C is one of these pillars) firmly attached to a broa 
steel base (Z>). The outer racer of the lower roller bearing {B') rests upon 
three blocks of steel (P), one projecting from the inner surface of each squaie 
upright column. The upper ends of the steel pillars are rigidly held by a 
piece of steel in the shape of a “Y” (P). Wing-tipped screws (R) 
through holes near the ends of the three arms of the “Y” into the uppei 6“^ 
of each upright column. Two screws (H) pass through each upright 
and impinge upon the outer racers of the upper and lower roller 
These six screws prevent rotation occimdng in the outer racers and o c 
cylinder firmly in position, . , 

The greater part of the space within the revolving cylindei is 
by a smaller stationary cylinder (I). This cylinder (I) is hollow an 
at both ends except for a metal tube (J) winch extends through t le 
from one eud to the other. The upper portion of the lube (J) pusses 
a hole in tlie center of the heavy metal “Y” (F). This tube senes ° 
oxygen to the bottom of the appai-atus. The oxygen then (/). 

close contact with the film of blood and escapes at tlie top. The 
by occupying most of the air space within the revolving cylindei y > gm.face 
a smooth upward current of oxygen over the film of blood on the nine 
of the revolving cylinder. The metal plate (Jf) closing the uppei 
cylinder (I) extends outward to overlie the upper end of the levovnic 



orunoN’ : 


AX oxygkxatoh wiiii a i,abge subfacimolu.iie ratio 1195 



mide cross section and top mcw of the oxyscnator. The drawing: is not 

to tJjA insert is a diagrammatic drawing of the tube which conveys the blood 

« upper end of the inner surface of the reiolving olmder. For detailed description see text 


(^1). The oxygen escapes at the top of the apparatus through the small gap 
fjet\\een tlie metal plate (A') and the top of the cylinder (^). The central 
‘^3’iiuder (/) is supported bj' three screws (A) clamping the plate {K) to the 
undersurface of the heavy metal “Y” {F). 


Revolution of the large external cylinder {A) is accomplished by a pulley 
belt (il/) passing around the cylinder in a groove on its outer surface. The 
belt then passes about a small pulley (iV) fixed on the shaft of a one-sixth 
horsepower electric motor {0) which is mounted verticallj\ The electric motor 
(p) is supported by steel bars {P) projecting from two of the upright steel 
pillars. 
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Tlie lower end of tlie vertical revolving cylinder is tapered from witliiii 
outward 1o a sliarp edge. Enclosing the lower end of the cylinder {A) Isa 
stationary copper cup ((?) which receive.s the blood as it leaves the lower edge 
of the revolving cylinder. The upper margin of the cup has a small horizontal 
lip (R) extending outward. It is centered exactly in position by blocks (E) 
extending from the three upright columns udiich come into contact with the 
outer margin of this lip. The cup is supported in its position by clamping 
the lip upward against a projecting portion of the steel blocks (E). 

The walls of the cup (Q) in its upper portion are at first vertical and then 
slope sharply inward to a central hole in the bottom, 3 cm. in diameter. From 
the undersurface of this liole thei-e extends downward for about 2 cm. a small 
collar (S) with a one to ten taper. A double walled glass cup (T) has a glass 
collar with a similar taper at its upper end. This slips smoothly over the 
collar at the bottom of the stationary cup and is securely fixed there with 
deKhotinsky ’.s cement. The glass cup receives tlie blood descending to it 
through the oxygenator, and the blood is led out from the bottom through a 
glass tube (U). The cup (T) is made of gla.ss to permit observation of the 
level of the blood within it, and has a double wall through which warm water 
is circulated. 

The blood enters the oxygenator at tlic lop through a curved tube (f, hi- 
sert Fig. 1) which pierces the top (A') of the stationary cylinder (/) and ap- 
proaches the inner surface of the revolving cylinder (A) at an acute angle (top 
view, Pig. 1). The blood is thus dii’ected against the upper part of the iunei 
surface of the revolving cylinder with relatively little change in direction. This 
is an important consideration in the avoidance of splashing and foaming. The 
details of clamping the tube (F) .so as to permit adjustment in dift'ereiit direc- 
tions can be seen in the insert at the left in Fig. 1, and in the view from abme 
at the top. In the latter view the semicircular wundow cut in the top (1 
of the cylinder (!) can be seen. This window permits adjustment of the tuie 
(I^) under direct vision. The window is closed when blood is being oxygenate 
to ensure an even outward flow of oxygen as it escapes between the plate { 


and the upper end of the revolving cylinder. . 

Lamb’s blood was used to test the efficiency of the apparatus. The 
was obtained from an abattoir and kept in an icebox ivhen not in 
observations were made with blood more than forty-eight hours old. 
ivas always .seme hemolysis present in the blood obtained from the a a 
The hemolysis ivas slightlj’^ more jn-onounced after i)rolonged passage, 


hour or more, of the blood through the oxygenator. 

The observations were made as follows: Pure nitrogen was 
through the gas intake tube of the oxygenator. The blood to be 
passed through the revolving oxygenator for from forty to sixty m ^ 
until it became definitely venous in color. It was collected nuclei oi 
sample wms withdrawn for detei-mination of oxj’^gen content an ^ 

A tw'o liter flask full of this blood, still protected from contact 
a lajmr of oil ujion its surface, ivas then passed through the oxygena 
a mixture of 95 per cent oxygen and 5 per cent carbon dioxide 
through the gas inlet tube. Five per cent carbon dioxide ivas use 
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It loughly appioMmatccl the caiboii dio\ide content of the aheolai an and 
youUl thns maintain the caibon dioxide content of the blood at an appio 
])nate]e\el dining peifiision cxpeiiments 

The blood ^\as led fiom the glass cup at the bottom of the oxygenatoi 
into a second flask and collected nndei oil The passage thiough the o\j- 
genatoi yas staited and stopped abinptlj, and was timed Mith a stop ^^ateh 
The total amount of blood tiassed thiough in this time ivas measined A 
sample a\as then taken of the blood and the oxjgcn content and capacitj ■\\eie 
rleteimined 
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The efficiency of the oxygcnafoi in intioducing oxjgeii into lenons blood 
can be seen m Table I The late of leaolution of the cjlindci, the blood 
and the oxjgen satin ition of the aeiioiis blood aaiied in diffeient obseiaa 
tioiis The oxygen intake pei mimite nas fioin o 39 to 18 0 c c The oxygen 
intake per cubic eentimctci of blood pci minute \aucd fiom 0 0160 to 0 0601 
cc The surface atea of that poition of the appaiatiis -which is coceied hj 
a film of blood is 2300 sq cm \.iiMiig the flow ot blood thiough the ap 
paiatiis fiom 50 to 600 ct pei imiiute does not lesult iii foaming A lesei 
■\oir of 15 cc of blood -was maintained in the glass cup at the bottom of the 
oxjgenatoi in oidei to a-\ou] the possibilit\ of an hemg diawn into the 
'uteiy of the animal to be ptifnsed Aside fiom this lesenon, 35 e c of blood 
aie contained upon the filming sui facts dining ojiei ition of the appaiatus 
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By rough calculations the oxygenator of Bayliss, Fee, and Ogden has a 
surface-volume ratio of 28 ; tlie oxygenator of Daly and Thorpe, a ratio of 
37 ; and the oxygenator of Cruikshank, a ratio of 30. The oxygenator here de- 
scribed has a surface-volume ratio of 66. 


SUiniARY 

An oxygenator with a large surface-volume ratio has been described. It 
is capable of introducing as much as 18 c.c. of oxj'gen per minute and accom- 
modates rates of flow of from SO-to 600 c.c. per minute without foaming. It 
has been used satisfactorily in a lai’ge number of perfusion experiments for 
a period of more than two years, and is thought to be a simple and convenient 
method of introducing oxygen into blood for ])erfusion purposes. 
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DETERMINATION OF SULFANILAMIDE IN TISSUE, URINE, 

AND BLOOD- 


A Modification of JIaksuall’s Method 


Prank T. Maher. M.S., and W. J. R. Camp, i\I.D., Ph.D., Chicago, III 


TN A STUDY of the di.stributioii of sulfanilamide in the body tvo (h 
Avere met in using Marshall’s original methocU"* for the 
this substance: (1) a brown interfering color dcA'cloped, and (2) quoR ’ 
recoA’ery of the drug added to tissue aud fluid samples before extiactioi 


not ahvays possible. 

•From the I^aboratory of Pharmacology and Therapeutics, AJni%'ersitj of R 
of Xledicine, Chicago. 
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No entieism is ofteiecl here of Marshairs iinpio\ed method foi the de 
termination of sulfanilamide" HoMe\ei, the subjoined methods aie capable 
of returning a high degree of accuracj, and aie convenient in application and 
simple in technique 

In determining the eftect of hjdiochloric acid on sulfanilamide it was 
noted that in the solution neutiahzed mtli sodium Indroxide the biovn color 
developed Sulfanilamide solutions containing 0 25 to 15 pei cent sodium 
chloride also dei eloped this eoloi nhen analyzed 

Staudaid solutions of sulfanilamide containing excesses of sihei nitrate 
from 1 to 5 per cent neie lepeatdh conipaied to standaid solutions of sul 
fanilamide m distilled vatei alone, and the lesiilts ot these trials uniformlj 
indicate that these excesses of sihei nitiate ha\e no detectable effect on the 
determination of the ding Hence this substance is used to iemo%e the 
chlorides 

Matoials Used 

1 Alcohol, U S P , 95 pei cent 

2 Aqueous solution of sihei uitiate 20 pei cent weight pei ^olllrae 

3 Aqueous solution of paia tohieuesiilfonic acid 20 pei cent weight per \olume 

4 Freshlj piepared 01 pei cent aqueous solution of sodium uitnte 

5 Alcoholic solution of dimetln lamino alpha naphtln hminc, 0 4 pei cent 

6 Appiopriate standaid solutions of sulfanilamide 

(a) Aqueous solutions, 1 mg pei cent and 2 mg per cent sulfanilamide 

(b) Alcoholic solutions, 1 mg pei cent and 2 mg per cent snlfamlamide 

Standaid solutions can be prepaied fiom stotk solutions, 100 to 400 mg 
per cent, which keep well it stoppered and kept fiom light Fresh dilute 
standards should be prepaied about e^el\ tluee dojs 

ExU action From and Detenntnafton in Tissue — Twentj to 40 gm samples 
are giound with clean dn sand, dried on a steam bath and giound to a um 
form powder, which is packed into a USP t^pe pereolatoi and washed 
thoioughly with peti oleum benzene the excess of winch is lemosed bj sue 
tion imtil the column of powdei is div This pioceduie obiiates the loss of 
material bj iemo\al fiom the pereolatoi The fat fiee residue is maceiated 
for twelve hours with 95 per cent alcohol and then percolated, a total of 
500 c c of peicolate being collected 

To 5 c c of the well mixed peicolate, and sinuiltaneoush to 5 c c of an 
appiopriate alcoholic standard, aie added 5 c c of watei and Ice of 20 per 
cent siher nitrate solution Aftei standing fne minutes, 1 c c of 20 pei cent 
paia toluenesulfoiiic acid solution is added, followed b> 1 cc of freshlj pre 
pared 0 1 pei cent solution of socliiiin nitute Fn p minutes latci, 5 c c of the 
1 250 solution of dimethj lamiuo alpha naphthi lamine m alcohol arc added 
This mixture is agitated, allowed to stand ten to fifteen minutes, and then 
filtered until clear, using tale if necessaM The sample and standard solutions 
so prepared aie then compared in a colonmetei 

111 ordei to check the acciuac\ of the method as outlined foi tissue, 
samples of 20 to 40 gm (moist) of tissue, taken fiom the biain, heait liver, 
spleen, kidnei s, hings, stomach, skin, and muscle, iespectnel\, were giound 
up as dnecteci with sand, and the raixtuies placed ni e\apoiating dishes on 
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the steam bath. To these moist tissue speeimeiis before drying and extrac- 
tion, a knoiYii volume of standard sulfanilamide solution in alcohol was then 
added. Upon such prepared, Icnoivn samples, the process of extraction and 
determination was then applied as given above, ivith results as indicated in 
Table 1. 

Table I 


DOG 

SI'LFAXILAMIDE 

ADDED 

SUDFAN'IDAMIDH 

RECOVERED 
^VITII AgXO^ 

PER CENT 
RECOVERED 

Brain, L’O gni. 

10 mg. 

10.0 mg. 

100.0 

Spleen, 25 gin. 

10 mg. 

10.0 mg. 

100.0 

Liver, 40 gni. 

10 mg. 

10.00 mg. 

lOO.G 

Heart, 35 gm. 

10 mg. 

9.8 rag. 

9S.0 

Kidney, 30 gm. 

10 mg. 

10.12 mg. 

101.2 

Pancreas, 25 gni. 

10 mg. 

9.8 mg. 

98.0 

Muscle, 50 gm. 

10 mg. 

9.9 rag. 

99.0 

Skin and liair, 20 gm. 

10 mg. 

10.2 mg. 

102.0 


In testing the accuracy of the methods for tissue analysis, the known 
quantities of sulfanilamide were added to the moist, ground tissue samples 
before extraction, and not to the extractive liquid prepared from such samples, 
as was done in previous work.’* By adding the drug to the moist tissue, the 
samples, we believe, more nearly resembled unknowm tissues brought in foi' 
analysis, and offered a test of tlie efficiency both of the extractive and of 
the detei'ininative processes. 

Two mice injected intraperitoneally with 4 mg. and 3.6 mg. of sulfanil- 
amide, respectively, were placed in beakers for one hour. They ’ivere then 
killed, ground, and prepared as a sample by the above method, adding to t le 
sample the ivashings from the beakers used to house the animals. The piocess 
of extraction and determination, applied to these sample.s, gave the foHoniHo 
results ; 

No. 1, Free .sulfanilamide, 98 per cent; total sulfanilamide, 100 poi co'k. 

No. 2. Free sulfanilamide, 96.7 per cent ; total sulfanilamide, 103.4 pei cont 
Unknown sanqiles were prepared by one worker and analyzed by another vk 


consistent recovery of ±3 per cent. 

Bctcrminoiion of Snlfavilamidc in Urine . — Urine is diluted IdO or 


1:20 


for comparison with a 1 mg. standard. 

To 10 c.e. of such dilution, and simultaneously to 10 c.c. of the 
aqueous standard, is added 1 e.c. of 20 per cent silver nitrate solution. ^ 
standing five minutes, 1 c.c. of para-toluenesulfonic acid solution, 
sodium nitrite solution, and 5 c.e. of 1 ;250 alcoholic solution of dimet j 
alpha-naphthylaraine are added to each solution. Ten to fifteen mimi 
the mixtures are filtered until perfectly clear, using talc if g 

the sample and the standard solutions so prepared are then ju 

colorimeter. The results here obtained represent the amount o le o 


the free state. . 

We have been able to verify the statement that in man^ am ^in ^ 
lower animals, excepting the dog, sidfanilamide is excreted m a 
combined form. To determine the total amount excreted, 10 c.e. 
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uune and 10 c c of aqueous standaul aie tieatcd stp■^latel^ uit]i 1 c c of 20 
per cent paia tohiencsulfonic add m a boiling av itoi bull Joi ninet} niimites 
luent^ fne cubic ccntnnetci test tubes ‘.laduatcd at 10 cc, neic louiid to 
be coineiiient 

Tiie solutions aic then cooled, the \oliime ni ide up to 10 c c ^\itli distilled 
natei and then tieated as foi deteimiintum of fiec siilfaiiiianiide in tlie uune 
The methods foi mine neie cheeKed as co!nplete]\ as possible b\ adding 
kiionn quantities of sulfanilamide to the uiine and pioceeding as abo'^e 
Results AMthm ±3 pei cent theoietical (outent neie consisteiith repoited 
Coloi matches ^^ele satisfacton if sihei mtiate ^^as used, the omission of 
the sihei nitiate lesulted in the pioduclion ot bio%Mnsh colois in the samples 
Beta minaiion of SnlfaniUtmulc tn Blood —One ^ olnme of fiesh oi o\alatecl 
blood IS lalccd h\ the addition of se\en eolumes of watei about ten to fifteen 
minutes being allowed foi the laking Two \oIumes of paia tolueiiesulfonic 
acid solution aie added, and the inivtuie is thoionghl\ shaken Aftei about 
file minutes, the inixtuie is pouied upon a filtd ot a size just capable of Jiold 
mg the entile lolunic of tlie mi\tuie Tlie is leccned in a loliiinetiic 

flask 01 caJihiated containei maiked at tin tot i) loJnme of the piecipitation 
iiiixtiue, OI ten times the ^ohlme of blood taken 

When the Inpiid lias completeh diained tiom tlie filtei the oiiginal flask 
is washed with a small \oluine of watei and this wntu pouied o^ei the pie 
cipitate on the filtei This is lepcated and the lesidne on the filtei is thus 
carefulh washed witli small poitioiis of watoi until tlie filtiate leaches the 
maik on the lecennig flask 

To 10 c c of fins acid filti ite, 2 c c ot 20 pej unt slI^el nitrate solution 
aie added Aftei about fne minutes 1 < < ot sodium nitiite solution and 5 
c c of dimetln lamino alpha naplitii\ lamiiie sointion aie added (total volume 
heie 18 c e ) At the same time to 10 c t ol the appiopuate aqueous staiidaid, 
1 cc of sihei mtiate solution is added attei fi%e minutes 1 c c of paia 
toluenesulfonie acid solution 1 t c ot sodium nitiite solution, and 5 cc of 
the dimetln lamino alpha naphtln lamine solution aie added (total ^oI^me 18 
cc) Aftei standing ten to fifteen minutes the solutions aie filteied until 
deal, using talc if uecessai' and the eleai solutions aie then tompaied m 
a coloi nnetei As was the case with the mine determination this lesult ei. 
pressed the blood content of fiee sulfanilamide To deteimine the total diug 
contained in the blood sample, In diohze the 10 c c ot the aboie acid filtiate 
Aftei such Indiohsis, lesults obtained b\ the deteimmation method expiess 
the total sulfamlamide contained in tbe blood undei examination 

In this method as stated foi blood we lune eliminated the use of acid 
staiidaicl solutions, because of the appaieiit mstabilitc of such acid standards 
upon standing — tiuis eliminating what luaA well be in loutine laboiatorj 
application, a soiiice of appieciable eiioi tfoieoiei the aceiiiaci attending 
the use of solutions acidified as abo^e at tbe time of tlie detcimniation lias 
been umfoimh established tiiioughout the seiies ot expeinnents upon blood 
'samples 

The accuiaoi of the method gnen heie as applmil to blood was checked 
b\ taking blood samples fioin a senes of dosrs hiking tlicni as diiected with 
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water, but adding to the laking Avater knoAvn quantities of sulfauilamide. 
Precipitation, filtration, and determination were then carried out upon the 
samples so prepared, and results Avithin 2 per cent of the amount added to 
the samples AA'ere uniform^ recorded. Again in the case of blood it was re- 
peatedly shoAAur that the addition of sih'er nitrate solution aa^s necessary for 
the removal of materials interferiiAg AA’ith the formation of the color desired 
for the assay. 


Table II 

Eesults on a Sekies op Prepared Blood Samples (Dog Blood) 


SAMPLE 

SULFANILAMIDE 

added 

sulfanilamide 

RECOVERED 

AVITH AgNOj 

PER CENT 

RECOVERED 

Citrated blood, 10 c.c. 

1 mg. 

1.0 mg. 

100.0 

O.xalated blood, 10 c.c. 

1 mg. 

1.0 mg. 

100.0 

O.xalated blood, 10 c.c. 

2 mg. 

1.96 mg. 

98.0 

Fresh blood, 10 c.c. 

1 mg. 

0.997 mg. 

99.7 

Fresh blood, 10 c.c. 

2 mg. 

2.03 mg. 

101.5 


The method presented here Avas applied to samples obtained by adding 
knoAvn quantities of sulfanilamide to Avater used in laking blood, prior to 
precipitation and filtration, and hence indicates the efficiency of the process 
through the various stages. 

Interfering Snhstances Other Than Chlorides. — In one case blood samples 
Avere taken from a dog after the clog had received seA'eral injections of 
adrenalin. These samples, after the addition of sulfanilamide and the apph- 
cation of the process given for blood, gave results nearly double the actua 
content of sulfauilamide. It Avas also knoAA'n that aqueous solutions of adieu 
alin alone, Avhen treated by' the process given for the determination 
fanilamide, gave a pronounced dark red color, capable of seriously' clou nio 
the accuracy' of any' determination of sulfanilamide color. Ephedime ua 
shoAA'ii to have a similar reaction, and coupling colors Avere .subsequen J 
demonstrated Avith a number of amino compounds, notably' guanidine, an mau,^ 
of the amino acids. These results indicate that sulfanilamide deteunma lo^- 
made upon the blood samples of a patient may be influenced by ot lei 
stances given the patient simultaneously Avith the sulfanilamide. 

These substances are not removed by' sih'er nitrate. 


DISCUSSION 

The fact that the addition of chlorides to a sulfanilamide 
sifies the interfering color, Avhile the use of silver nitrate removes 
that the chlorides present in the material are responsible in ? j. gyp. 

the difficulties encountered. Apparently' the silver nitrate remoA es o 
stances as judged from the muddy broAA'ii precipitate. ^ 

In the determinations made upon blood samples, it Avas noted * 
of silver nitrate solution Avas not sufficient to remove all ^ ™ 

although that quantity had been sufficient for the samp “ ^ ^.g^oved 
urine. Increasing the quantity' of sih'er nitrate to ... c.e. e 

interferences. 
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CONCLUSIONS 

1 A modification oi Maishall’s method foi the determination of sulfanil- 
amide 111 tissue, urine, and blood is gi^en 

2 Siher nitiate is used to reino\e mteifeimg substances, notabh chloride 
All excess does not inteifeie uitli the determination 

3 Consistent lesiilts uitliin ±3 pei cent aie obtained 

4 Epinepiiiine, ephedrine, guanidine and othei ammo compounds mteifeie 
uitli this test 

Me wish to thank the Department of Medical Re^search M mthrop Chemical Co Inc 
for the sulfanilamide used In the<ie experiments 


REFERENCES 

1 Marshall, E K Determination of Sulfanilamide in Blood and TJnne, J Biol Chem 

122 263, 1937 

2 Marshall, E K Determination of Sulfanilamide in Blood and Urine, Proc Soc 

Exper Biol L Aled 36 422, 1937 

3 Alarshall, E Iv , Cutting, IV C, and Emcr on K Tr Acet^IatlOn of Para ammo 

benzencsulfonaraide in the Animal Organism S< lence 85 202, 1937 

4 Marshall, E K., Emerson, K, Jr, and Cutting M < The Distribution of Sulfa 

nilamide in the Organism, T Pharmacol t Evper Therap 61 196 1937 

5 ifarshall, E K and Litchfield, J T The Determination of Sulfanilamide, Science 

88 2273, 1938 


the optimum dose of sulfanilamide for guinea pigs* 


Arthur Rilfi Armstrong, B S , M D , vnd J Lxndon Thompson 
0\riR/o, Ca\ iz>i 

"With the Technic vi Assistance of Amflia Rlth Thomas, MT 


T he optimum dosage of sulfanilamide iiecessai} to combat infection in 
human beings effectnel> has been established fanh well That amount 
Minch Mill maintain a free sulfanilamide lead of 7 to 10 mg per 100 c c of 
blood IS considered lequisite, except in geiiitourinaij disease To accomplish 
tins between 50 and 100 giaiiis must be gi\eii daih, in dnided doses We, 
however, could find no information iii the literatuie as to the amount of 
sulfanilamide lequired to iiiaiiitaiii a similai blood le^el ni guinea pigs In 
'estigatois evidently Iiaie employed an empiiical dosage in then experimental 
Mork The following ln^estlgatIon was conducted, therefoie, with a view to 
obtaining information on this question It w as felt that publication of the 
findings miglit be of Aalue to others engaged in sulfanilamide studies 

EXPERIMENT \L 

The animals used weie guinea pigs, approximateh 12 months old, weigh 
>ng oil an a\ciage 620 gm A total of 150 pigs weic used in prelimman tests 
The mode of administiation of sulfanilamide was stomaeli tube A No 
7 Flench cathetei was used foi this pm pose A 10 pei cent suspension of the 
finig was delnered into the tube b\ sMiiige through a No 21 gauge needle 

•Prom the Depaitment of Pathology Xlountam Sanatorium Hamilton Ontario 
Recehed for publication October 21 1938 
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Suspensions of sulfanilamide sufficiently fine to pass through a No. 21 
gauge needle can be made as follows : A 10 per cent hot solution is rapidly 
cooled to slightly below room temperature under a stream of cold ivater. As 
soon as crystals begin to form, the solution is shaken until it is cooled. In the 
event the susiiension is not fine enough, tlie process is repeated, using more 
rapid cooling and more vigorous shaking. 

Free sulfanilamide determinations were made on blood, using Marshall's 
method.^ Owing to the difficulty of obtaining blood from guinea pigs, an 
animal was killed for each determination and bled from the jugular vein. 
In a few cases blood was obtained from the heart once, and sometimes twice, 
but thereafter the animals were killed for the third specimen. With very few 
exceptions 3 animals were tested for each period observed. 



Fig. 1.- — Blood sulfanilamide after a single 200 mg. dose. 


• itO 



Fig. 1 shows the effect of a single 200 mg. dose. Tlironghou 
hour period, during which blood was analyzed each lioui, all u 
revealed a value below 10 mg. per 100 e.c. ^ jug. 

Fig. 2 illustrates the free blood sulfanilamide levels found w 
dose was repeated after three hours, and again at four-hour mteii 
nineteen hours had elapsed, following which 200 mg. were given a ji^yrs 
of every' eight hours. Sulfanilamide determinations made every 
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le^eal that after the fiist eight horns the ■values vveie ahvavs gieatei than 
10 rag per 100 c c up to the end of the expeiiment Ver} high -values (over 
50 mg per 100 c e ) vveie occasionallv discoveied 

Signs of toxicit} vvcie sometimes present at the twenty thud hour, 
ruffled coats, loss of appetite, slight cvaiiosis These disappeared when the 
animals weie put on the eight hour dose legime 

COilVtENT 

It IS felt that a sufficient numbei of pigs vveie used in the above experi 
ments to peiinit the coiiehisioii that 200 mg doses given at mteivals as de 
scribed, can be lelied upon to elevate and maintain the fiee blood sulfanil 
amide to a level exceeding 10 mg pei 100 ec in all animals of the same 
ippioximatc age and weight as those used in the toiegoing expeiiments 

The sulfaniHitildc used In these experm tnts u is btiin 1 tJirough Dr Arnold Brinch 
of Ijerst McKenna and Harrison Ltd Montn il 

The authors ■wish to express their gntltuR to Dr W Stinburj for \aluable ad\lce 
and criticism 

I LPl Rr\( c 

1 Marshall, E K, Jr Determination of Siilt'inilann le ii bJootl and urine J BioJ Chem 
122 263 , 1937 


A MICRO:\rErER curve iMEA'sI RING APPARATUS* 


J A E Exster, aid, VNDeJ S IIiiHF Mvmsox AVis 


T he piobiem ot accurate iiieasmement of locoided cuives is a fiequent one 
in a phvsiologic laboiatoiv TJie moasuiements most fiequentlj requned 
are time mteivals, inv olving distance ineasuiements m the hoiizontal, and w av e 
amplitudes, involving distance ineasuiements in the veitieal direction The 
accuraev of ineasuiements depends in gcncial on two things (a) the sliaip 
ness of the onset of waves and peaks in the lecoided cinve and (b) the ae 
cuiacy of the measuiing apparatus Aside fiom these factois, the range of 
vauation in the phvsiologic i espouse of i single featiue must be considered 
when one ciiive, oi one pait of a ciuve, is to be compaied with anothei This, 
of course, is a factoi which cannot be coiiti oiled nistiunientallv, but must be 
estimated bv multiplvnig tiie number of sepaiate obseivations 

A mierometei ineasiunig device that was constructed in oiu shops and 
bas pioved satisfactoiv is pictuied in Fig 1 A heavv cast non base a, 4% 
b.v \y^ inches, a second aiigulai piece of cast non b, 3 inches high and 
V 2 inch thick, attached as showm to the base, and two steel bais, c and d foim 
the support foi the movable carnage and microscope One of the steel bais, 
c, IS Vn inch square, tlie othei, d, is somewhat laigei and cut to a V shape at 
the top Both bais aie 6% inches long and aie fiunlv bolted to the upnglit 
‘'Upjiort 6 Tlie caiiiage consists essentiallv of three paits as follows (1) Two 

'Eroni the Department of rii>sioIom Medical School Shop‘! Unl\er*!itj of VMs 

fonsin Madison , „ , 

Made possible m part bj a Erant from the n Isconsin Mumni Research Foumlallon 
Received for publication October 29 1938 
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plates c, each 3% by 1 %g by inches, cut out at each end to fit the steel ban, 
are attached to a metal plate below. The metal plate has an opening for the 
microscope. The anterior plate bears a micrometer screw /; the posterior plate, 
two spiral springs s, both of which jiress against the second part of the carriage 
g and serve to move this carriage in a forward and back direction between the 
limits of the two plates e. Tlie anterior plate is provided with a clamp h for 
locking the under framework in any desired position along the steel bars. (2) A 
brass framew'ork g provided with flanges j and fitting under the bars. This 
framework slides freely along the bars under the control of the micrometer head 
f within the limits of the plates e. (.3) A brass plate which is fitted in slots 
in the upper part of the framework (2). This plate bears the microscope and 
slides laterallj' under the control of the micrometer head m and two spiral springs 
at the opposite end. The micrometer head and springs are attached to the 
framework (2). 



Fig. 1. 

A brass plate n, the length of which is the same as the iviclth 
and which is inches wide and %g iLich thick, is screwed to the base 
the upright support h. This piece bears clips of spring brass o, the an^^^ 
ends of ivhich clip into recesses cut in the base. The record to be g 

placed on the base with its edge in contact with the plate n, coierec 
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glasi plate and lield in place the spring clips T\\o collapsible metal 

legs p tilt the fou\aid part of the bise up\\cud to place the micioscope at a 
con^enlent angle 

The microscope has a magnification ot “12 diameteis and is prodded nith 
cross bans and a focusing «^cie\\ It is model AllOlA of the Gaertnei Scientific 
Co, Chicago, and nas pmchased it i cost of ‘1.26 00 The micrometei heads 
are of the usual pe used lu machine shops TlJe^ lune a lange of 25 mm and 
read directh in 0 01 nun divisions 

In using the appaiatus tlie clamp /i is loosened and the micioscope cairiage 
slid foruaid or backhaul to co\ei the portion ot the cune to be measiued The 
clamp IS now tightened and vertical measurements ioi cime amplitude made b^ 
the use of miciometei f, or lionzoutal ineasmemtiits fiom ^^hieh to obtain time 
internals, made b^ the use of miciometer m Light leflected from a simll table 
lamp has been found to gne sufficient illniniintion When iiieasiiiing ciu\es 
recorded on tianspaient film a piece of white piper oi thin caidboird is placed 
back of the film Illumination b\ tinnsmitted light can be easih arranged 
for b^ cutting out a poition of the base and pining a mnioi in a suitable 
position, but we lla^e not found this to he neccsMM when tiacing.> or photo 
graphic records show a fan degiee of coutiast 

As an indication of accu^ac^ of measuieine it the distance between two 
sharp peaks on two separate times lecoided smuiltnneousli cathode ra% 
oscillographs was measured fifti times the cioss Inns being moiecl aira\ 
before each measuieineiit The lecord was m ide on film it a speed of 211 mm 
per second The a^elage time inter\al between tlie two peaks ni 50 measure 
ments was 0 003465 second The maximum dithieiue between measuiements 
Pas 0000185 second (5 34 per cent of the mean) The standaid delation of 
the distribution is ± 0 0000548 second The ‘oefficient of \ariation is 158 pei 
cent 


A illCTHOn or ISOLATIiNG LAR\ AC OF Tmcm^ELhA SPIRALIS 
rOR THE PREPARATION OI THE A^TIGE^ USED FOR 
nniUNOLOGlC reactions in trichinosis* 


H TsLCHn \ Sc D St Lolis Mo 


A TTEMPTS to isolate the lai^ae ot TnchincUa spmdxs free from infected 
muscles using aitificial gastiic jiuce, as commonh employed in the piep 
aration of the antigen foi immunologic tests fiequentl} met with failure Care 
ful seiutmj of the material thus obtained levealed a few mieioscopie fiagments 
of undigested muscle fibets It is liighh probable also that a portion of the 
piotein clea\age products lesulting from this chemical treatment ma' remain 
despite lepeated wasiimg of the material It is geneiallj considered that the 
presence of host pioteins in such piepaiations nia\ tend to gi^e use to non 
specific reactions in the immunologic tests for the diagnosis of trichinosis 


the Department of Bacteriology Iinmunolog> anil Public Heilth -Washington 
enwersitj School of ifedlcint St L.oim^ 

Rcceuecl for publication December •> 1938 
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The f ollomng method is, therefore, offered as a possible means of ehminating 
host proteins in the preparation of the antigen nsed in the tests. 

The trichinella larvae are obtained from a rat or guinea pig, about two 
months old, previously infected with approximately 2,500 larvae isolated from 
infected muscles by the use of artificial gastric juice, as described by McCoy, 
Miller, and Friedlander.^ On the sixteenth to the nineteenth day (the optimum 
being the seventeenth day) following infection, when the larvae had just threaded 
their way and come to lie along the long axis of the muscle fibers without definite 
coiling — the pre-encystment stage, the animal was killed. After the removal of 
skin, bone, and viscera, the carcass is ground up finely in a meat grinder. The 
ground material is then placed on two layers of gauze at the bottom of an 
ordinary potato ricer and enough lukewarm water is added to cover the material. 
The larvae are then readily forced out of the muscle fibers by gentle squeezing. 
The expressed juice, consisting chiefly of hemolj'zed red blood cells and leucocytes 
together with many larvae, is collected in a flask. This is now filtered through 
a standard screen such as is made by the Tyler Company (200 meshes per inch, 
each opening measuring 0.074 mm.). The majority of viable larvae become 
coiled up by this treatment, and since the average diameter of these coiled larvae 
measures approximately 0.15 mm., they will not go through the mesh. The 
standard screen upon which the larvae are collected is then turned upside doryn, 
and the larvae collected thereon are washed down into a tall cylinder with 
sufficient amount of lukewarm water. This is left standing for a few hours unti^ 
the larvae settle to the bottom of the cylinder. Baermann’s isolation apparatus 
of hookworm larvae may be also conveniently utilized for this purpose. M er 
repeated washings with lukewarm water, the larvae are finally collected in a tes 
tube and frozen by the use of the lyophile apparatus. The desiccated larvae a 
then pulverized and extracted with ether for forty-eight hours at room tempera 
ture, and then extracted with Coca solution. After centrifuging, the superna an 
fluid is drawn off, filtered through a Seitz filter, and stored in ampoules or use 
as an antigen in immunologic reactions. 
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FKEE CHLORINE AS A SOURCE OP ERROR IN BLOOD SUGAR 
DETERariNATIONS^ 


Arthur IC Anderson, PhD, and Isadorf Zipkin, BA, Stvtf Cor lege, Pa 


D ECENTLY ^^Q lia'se cApenencecl a difficult^ in deteimimng blood sugai 
* ^ the Folin and method ^hich we feel should be called to the attention 
of those working with this oi snnilai methods The difficiiltj was a rapid 
fading of the blue coloi upon dilution with watei befoie making the coloi 
imeter reading "Within ^i^e inmutes the solution became colorless Fading 
occurred e\en when a fieshlj prepat ed 1 4 dilution of acid molybdate solution 
was used as the diluting agent Atter considciable seauh foi the difficult}, 
it was finallj found that the fading was due to tlie leoxidation of the blue 
compound to a coloi less compound b\ fiee chlornu m the distilled water The 
distilled water used was found to contain 02 put pei million of fiee chloime, 
as measured bj the oitho tolidino method^ Anothei source of distilled watei 
was found to contain 0 1 part per million of tiee chlorine This w ater did not 
cause complete fading, but fading was noticeable When chlonne free watei 
^vas used, no fading was noted, the solutions letaining then blue coloi o\ei- 
night 

It IS felt that wdle^e^el chloiinated watei is used in the piepaiation of 
distilled water, tlie dangei of free chlonne distilling o\€r is eminent This is 
espeeiall} true where adequate contiol of the chlorination process is not 
maintained 

Although the eftect of fiee chlorine has been noted onl} in connection 
With the Folm and "Wu method for dcteumning blood sugai, it is felt that it 
would interfere with othei similar methods for sugar and also with anj other 
method where coloi is the result of a reduction piocess 

REFERENCES 

1 Fohn, 0, and Wu, H A System of Blood Analysis Supplement I A Simplified and 

Improved Method for Determination of Sugar, J Biol Cheni 41 367, 1920 

2 Standard Methods of Water Analysis, ed 8, New l;ork, 1936 American Public Health 

Association, pp 19 23 


„ ,, ‘From the Depaitment of Agricultural and Biological Cheniistr> the PennsjWanIa State 
College State College 

Received for publication November 1 1938 
1209 



A JtETHOD OP PANCREATECTOiMY IN PIGEONS* 


J. ]\r. Janes, B.A., M.D., Toronto, Canada 


K REBSt lias used the breast muscle of depancreatizecl pigeons as a test 
object in the study of the influence of added insulin upon the intemedi- 
ate products of carbohydrate metabolism. Great difficulty was encountered 
in these studies due to the high mortality attendant upon the removal of the 
duodenal loop containing the pancreas as wmll as the inability of maintaining 
these birds alive longer than three to four days. 

Following Krebs’ rvork, a study Avas made to find an adequate method 
of pancreatectomy in pigeons. The following is a brief description of the 
method finally adopted: 

The pigeon is tied to a board by its feet and lyings. It is given an ether 
anesthetic by means of dropping ether on a towel folded around it.s beak and 
head. The feathers are then plucked from its breast and abdomen. A curved 
incision, immediately below and parallel to the breast bone, is made through 
the muscle into the peritoneal cavity on the right side. The duodenal loop, 
which extends into the left side of the peritoneal cavitj', can he recognizc( 
by its greater diameter, as compared to the rest of the bowel, and by fhe 
presence of the pancreas Ijdng in the loop on both its ventral and dorsa 
aspects. The color of the pancreas Amries from a rather bright red to a lig 1 
tan. The distal portion of the duodenal loop is grasped in one hand Avit i a 
square of surgical gauze soaked in saline. With a similar piece of gauze m 
the other hand, the portion of pancreas on the Amntral surface of the loop a 
gently stripped from the mesenteiy on Avliich it lies. It is necessaiy to exe^ 
eise great care in securing the proper cleaA'age plane in order notfo damao 
the blood supply to the adjacent boAvel. Four of our series of 24 pigeons 
as a result of such damage. In .stripping off the pancreas it is neees.sar^^^ 
maintain pres.sure on the bleeding points AA'ith the saline-soaked 
large segment of pancreas on the venti'al side strips qiiite readil), ^ 
small portion, located at the proximal end of the loop, is remOA ed on 3 ^ 
difficulty. It is usually necessary to remoA’-e this piece of pancreas Aut 1 ^ 
of fine forceps. When Avorking in the proximal region of the of 

to be taken not to damage the bile duct Avhich enters the descen mg 
the duodenum near the small section of pancreas just mentioned. 
of pancreas on the dorsal aspect of the loop is stripped oft' iu ^g^entery 
already described, care being taken as before not to damage t le m • 

•From the Department of Medical Research, Banting Institute. 
tProfessor H. A. Krebs, of Sheffield UnU'ersity, was a guest -.vorker in 
Medical Research in April, 1938. 
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Fib. 3. ■*• 


, ^'iB. 3. — Duodenal loop, eleht days after pancrefitpctoiny, ventral nsiiect Note increased 

size of duodenum Atonic condition probably result of Intcrfeicnco of ner\’c supply. 

Fiff. 4. — Same as Fig-. 3, dorsal aspect. 
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and to control any bleeding points with gentle pressure of the saline-soaked 
gauze. After pancreatectomy is complete, the loop is carefully replaced in the 
peritoneal cavity and closure is effected with white linen sutures. 


Prior to pancreatectomy, blood glucose estimations were made, using 
0.3 c.c. samples taken from the iving vein. The blood was precipitated by 
the method of Herbert and Bourne (1930) and true glucose determined with 
Harding and Downs’ (1932) modified Shafer-Hartman reagent. The method 
of securing the blood is as follows : The feathers are plucked from the axillary 
region. Using a No. 23 needle, approximately 0.5 c.c. of blood is withdrawn 
from the wing vein. The blood is transferred to a glass slide, previously 
coated with paraffin, and then drawn from the slide by means of an 0.3 c.c. 
pipette. Even though many of the birds were starved for a period of twenty- 
four hours, it was difficult to secure a true fasting blood sugar on the pigeon 
because of the retention of food in the crop. Thus preoperative blood sugar 
levels varied from 124 to 200 mg. per cent. After operation, blood sugars 
were at first done daily, but it was felt that at' least 4 birds died because of 
too frequent blood withdrawals. Hematomas may be prevented with care. 

It is unnecessary to make lilood sugar estimations more than once a week 
following pancreatectomy and even less frequently after the proper dose of 
insulin has been established. By the fourth day following pancreatectomy, 
the blood sugar might be expected to be betiveen 200 and 350 mg. per cent. 
When the blood sugar was under 250 mg. per cent, 0.5 units of insulin (regiy 
lar) was given daily, but when the values exceeded 250 rag. per cent, 1 unit 
was given. Without insulin a pigeon will live at least eight days following 
pancreatectomy. The extreme emaciation noted in depancreatized pigeons 
after the fourth day can be prevented by the addition of glucose and trypsin 
to the diet or by giving the birds glucose water to drink. 

Out of 24 autopsies done on depancreatized pigeons, a small 
pancreas was found in only 3 eases. Pigeons prepared and treated in e 
manner described herein have survived pancreatectomy for over ^ 

Pigs. 1 and 2 show the pancreas in situ (ventral and dorsal vieivs). 
and 4 show the duodenal loop in a bird killed eight days after pancreatec o 
(ventral and dorsal vdews) . 


SUSIMARY 

A procedure is described by which pigeons can be depancreatized 
maintained for fairly long periods of time. jy 

The morbidity and mortality following such procedure are ex r 

low. 

The use of insulin in the depancreatized pigeon is described. 
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AN ELECTRIC PULSE COUNTER* 


Laurence E. I\Iorehouse and W W. Tuttle, Iowa Citv, Iowa 


^UE desirabiliCv for nn anfomalic puhe counter hoi* ioiig- been recognized 
* Although many attempts have been made to develop such equipment^ no 
one has reported a counter wliich met all the requirements of a practical in- 
stniment. These requirements are stabihn, simplicity of operation, and 
accuracy. 

Recent developments in amplification ha\e made it possible to construct 
an apparatus that conforms to the requirements of a reliable pulse counter. 
By use of the instrument herein reported, it is practical to read the heart rate 
for any interval of time directl.v from the counter In addition, the stability 
of the apparatus assures one of reliable data, even u Inle the person is perform- 
ing simple types of exerei.se. 



Fig-. J.«— The pulse counter. 


The principle of tlie pulse counter is the ampJificatiou of the action cur- 
rent produced b 5 ' eacli contraction of the lieart, sufficient to operate a relay 
which in turn operates an electromagnetic counter. The device is shown in 

J'ig. 1. 

The BlectroeUs. — The electrodes employed are direct-contact electrodes, 
the same as those used to connect a subject to the electrocardiograph. Tiie 
position of the electrodes on the body is shown in Fig. 2. In order to insure 
good contact between the subject and the electrodes, a liberal amount of elec- 
trode jelly is employed. The electrodes are held in place by adjustable elastic 
bands, as shown in Pig. 2. 

The input wires are crystal microphone cable, shielded and rubber jacketed. 
They are of sufficient length to insure free movement of the person during 
e-vereise. 

•From the Department of Physiology, State University of Iowa. Iowa City. 
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Tlie electrodes offer no contact difiienlties if properly connected to tie 
person. If lie is at rest, no precautions are necessary. However, if lie is to 
perform exercise, it is well to free the contact surface from hair, fit the elec- 
trodes snugly with the elastic bands, and use an abundant amount of electrode 
jelly under and around the electrodes. Obviously, the lead in wires must make 
tight connection with the electrodes. Although soldering insures the be.st con- 
tact, the setscrews on the electrodes are adequate for tight connections. 



Fig. 2. — The electrodes. 



HI IRC BTl 20 meg-. 

R2 IRC BTl 2 meg. 

R3 IRC BTl 0.5 meg. 
R4 ya.\le>' “N” 0.5 meg, 
R5 IRC BTl 0.5 meg. 

R6 IRC BTl 9000 ohms. 
RT IRC BTl 0.5 meg. 

Cl Aerovox 681 0.1 mfcl. 
C2 Aero%-o.x 1S4 0.5 mfd. 
C3 Aerovox 684 0.5 mid. 


1 Aerovox 484 0.5 mid. 

5 Aerovox 484 0.1 mfd. 

6 Aerovox 684 0.5 mfd. 

1 Thordarson T-93C20 .-=0 H 
ins cell — ^^lallory 1 volt, 
use — ^Buss S AG % amp. 

I Amphenol rClM connector. 

Yaxley No. TOSE lacK- 
iv3 Yaxley No, 10 buiO- 

ilnt Yaxley No. 310R with >o. « 
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Ihc AmpUfict — TJie amplifier is a 3 stage high gam impedance lesistance 
coupled, designed to ampUfj the main pealv of the electiocaidiogiam The 
cii cults employed aie shown in Fig 3 To pie\ent absoiption of encig\ 
coming fiom peisons witii a high slan lesistanec, a higli impedance input 
was emplojcd To tins end, a 20 megohm input lesistoi was used, and the 
peison fiuthei isolated from this high resistance means of blocking con 
densei Cl The 20 megolim input icsistoi offers the fuithei ad\autagc that 
bias oil the first tube is obtained b\ the diop caused h\ gnd ciuieiit flowing 
through the resistoi This cncint gnes gi eater gain than can be obtained 
with othei bias systems The im])cdancc Ll m the plate circuit of tlie second 
tube IS resonated at appioximateh 30 cities b\ means of condenser Co This 
tuned ciiciut has somewhat the eftect of a low pass filtei 



Pig <t — Rclaj counter unit 

Pi Taxlej No 76 phone plug Cl \cro\ox 681 0 05 mfd 

L** Guardian No 5—1000 G 1 relaj J1 Naxlej No "Ol Jick 

L3 IVestern Electric 5AA message register SWl Butl No 743 push button switch 

R1 IRC ET Y 500 ohms SW2 Bml No 1003 SPST switch 

The output stage consists of two 6C5 tubes m paiallel, biased to a “no 
signal" plate cuiient of about 05 Wa Relai L3 is actuated bj action cm 
rents passing through the amplifiei, causing a change m the plate cm rent as 
kigh as 5 to G Mr Piecautions ha\e been taken to eliminate the possibility 
of a shock to the subject by using dissimilar eonnectois ou the input and out 
put circuits 

The lelay is contained m the comitei unit and is shown m Fig 4 

The Connie) —The counter employed is a 'Western Electuc message reg- 
i‘5tei, which IS acciiiate up to a speed of 300 pei minute The counter unit 
contains an niiusual featuie in that the lolai ciicuit contacts are noimally 
closed, the counter being actuated on the bieak rathei than On the make, as 
IS found in coiuentional aiiangemcnts The aiiangement of the counter is 
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shown in Fig. 4. This modification is necessary because of the short duration 
of the action current produced by the heart. It also eliminates interference 
caused by sparking of the relay contacts, permitting the apparatus to be 
operated in an unshielded room. Resistors B1 and Cl are eonneetecl across 
the relay contacts to further reduce any possible sparking. A normally closed 
push-button switch (8Wl) has been included in the circuit to enable the 
counter to be set at a convenient number. A jack (Jl) has been included in 
the relay coil circuit to enable a remote control switch or timer to be con- 
nected if it is desired. 

Method of Operation . — The electrodes are fixed in place in the approximate 
line of the electrical axis of the heart, one over the apex and one over the base, 
which allows leading off the maximum voltage; the starting switches on the 
amplifier and relay system are closed, and the gain control on the amplifier 
is varied until each beat is recorded accurately on the counter. Too low ampli- 
fication will result in missed beats, and too high amplification wdll register 
false beats on the counter. The relay eountei’ unit should not be placed within 
5 feet of an a-c circuit as the relay will flutter, giving false count.?. Also 
the relay counter unit must be placed at least 1 foot from the amplifier as the 
vibrations of the counter may microphonically affect the tubes of the amplifier. 
Readings of the coimter may be taken at desired intervals or the counter may 
be made to operate during any desired interval wdiieh is automatically started 
and interrupted by a timing device. 

SU5IMARY 

An automatic pulse counter which is accurate, stable, and simple to 
operate, has been devised and described. It is capable of accurate counting 
even while a person is performing simple exercise. The pulse rate is leaf 
directly from the counter, thereby eliminating the objection of recording am 
then counting. 
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Eobept a Ejlduffe, M D Abstp \ct Editor 


ERYTHROBLASTOSIS Eoetahs, Macklm M T Lamont J A and Macklin, C C \ra 

J Dis Child 57 349, 1939 

A case of erjthTobHstosis foetiUs nceompinied bv hemoljsis and edema is repoited 
in a newborn girl There wns nothing in the maternal history to explain the condition 
Five of the se\en pregnancies of the mother ended m mi^scarnage or premature delivery 
It IS suggested that the earlier products of conception ma^ also have been examples of 
abnormal production of blood in vhich the defect was seveie enough to interfere with 
further development 

It IS also suggested that the defect maj be one of actual deiangement of blood forma 
tion in the fetus and not a persistence of a normal fetal 1 lood picture 

ALLERGY in Childhood, Ratner, B J A M A 111 -0 1938 

No dogmatic conclusions can be dranu with re^^pect to the onset and progress of 
allergic sjmdromes in childhood This is due to the t ‘’t tint our knowledge of the under 
lying laechamsm of allergy is still far from complete 

It IS apparent that alleigy may start at an extiemeiy early age The nenborn period 
IS signally free, with the rare exception of an occasional m tanee of passive sensitization ac 
qmred in utero 

Eczema is the prevailing allergic syndrome m intants under 1 yeir of age and foods 
are the prevailing reacting substance Though food sensitivities weie found in 100 pei cent 
of our patients under 1 year of age, they are ucvcitheles not always the sole cau«e of the 
allergic syndrome The allergic eczemas in nianv in&tiutes (59 per cent) are shown to be 
due largely to contact with environmental substances to which these same infants react 

Infants who react to egg and other food proteins which they have never ingested have 
most probably been actively sensitized in utero The early allergic manifestations may be 
invoked by a passage of these substances through the breast milK m infants previously 
sensitized in uteio On the other hand such potential sensitivities may cause allergic reactions 
when these foods are eventually added to the diet in the latter part of the first year The 
age of onset of eczema is considerably earlier than that of asthma and, m many instances, it is 
the forerunner of asthma 

After etily inftncj, asthma becomes tlie pretailmg nllerj,ic syndrome, and nhererer 
there is a multiplicity of syaidiomes, asthma is generally one of tile complicating conditions 
Asthma was also the dominant form in the allergic antecedents of the children studied It 
appears, therefore that the lung structure is phylogcnetically predisposed to sensitization in 
the human species as it is m the guinea pig 

Hay fever is not of great significance m early infancy in the middle Atlantic States 
It comes to the foie m the latter part of the fir t decade and becomes a prominent syndrome 
m the «!econd decade of life 

Urticaria at all times lemams sporadic and shows no particular age alignment 

Though food sensitivities plav a very important role m the allergy of childhood, in 
halants and contactants play an equalh important one Throughout infanct aud childhood 
reactions to foods and inhalants and contactants run a parallel course There are many 
infants and children who react to pollens who do not suffer from has feicr The pollens 
may be contributing factors in the eczema or asthma, or they may indicate potential 
sensitivities which eventually cau<ie the onset of hay fever 

The preponderance of multiple reactivities would suggest that specific therapeutic 
measures may fail if all the offending factors are not taken into account 
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Tlie onset of allergy can in a measure be prevented through control of the diet of 
the pregnant woman and of the young infant. Cognizance of the important role that environ- 
mental inhalant substances play in earliest infancy must lead to prophylactic measures. 

The progress of allergy can be interrupted by early diagnosis of the interrelated sjn- 
dromes and reduction of contact with inciting substances. 

It is true that in tire present state of our knowledge it is difficult actively to engage 
the interest of the physician who is unprepared in training and equipment in this .subject, 
which appears to be complicated by so many factors and which from many reports seeniv 
to yield but few satisfactory results. 

The time must soon arrive, however, when the .salient facts, gleaned from the male 
of work that is being carried on, will be separated from the chaff and formulated into broad 
principles that can be more readily applied to general everyday practice. 


NEOPIiASMS, Malignant, of Nasopharynx, Hauser, I. J., and Brownell, D. H. J. A. Jl. A. 

Ill: 2467, 1938. 

Malignant neoplasms of the na.sopharynx often manifest themselves by symptoms 
which are extranasal in nature. 

Cervical swellings, changes in the tympanic membrane, unilateral deafness or stuffy 
sensation in one ear, pain in the head or throat, diplopia or rectus lateralis paralysis, or 
unilateral paralysis of anj' cranial nerves calls for careful examination of the nasopharynx. 

All malignant neoplasms arising from the lining epithelium of the nasopharynx appear 
to be medullary' squamous-cell carcinomas. Lympho-epithelioma and transitional-cell eaveiuoma 
are believed to be highly' undifferentiated forms of squamous-cell carcinoma. 

Irradiation is at present the only form of treatment. In spite of poor results, if earlier 
diagnoses were made, chances of arresting or destroying the neoplasm would be greater. 

The nasopharynx should bo given careful routine inspection by the otolaryngologist. 


POLYCYTHEMIA, Course of, Rosenthal, N., and Bassen, E. A. Arch. Int. Jled. 62: 

- 003, 1938. 

Primary poly'cythemia is a disease of long duration. Occasionally the early stage may 
be asy'mptomatic, but usually it is symptomatic. . . 

After a period of years one or more of a variety of clinical conditions apparen J 
develop, as a result either of the hy-peraetivity of the leucopoietic and mogakaryocy >c 
sy'stems or of exhaustion of the erythropoietic system. . 

In its terminal stages this disease may become leucemic, thrombocythcmic, or aacmw, 
it may reveal various remarkable combinations of any or all of these phases. 


SEDIMENTATION SATE, and Non-filament, PBament Ratio in Low Grade Chronic 
Illness, Stiles, M, H. Arch. Int. hied. 63; 664, 1939. 

Practically' all of a group of 292 patients with symptoms of low grade 
showed an increase in the nonfilament-lilament ratio, while more than 80 per cen 
an increased sedimentation rate. . ysr'ni- 

The sedimentation rate and the nonfilament-filament ratio showed only mmor ^ ^ 

hon distributed ac« 

verity 


tions when distributed according to age, sex, or diagnosis. "When distributed ac 


to 


intensity of symptoms, they- showed a direct relationship to increases m 


of illness. _ ^^ronic 

These findings should prov'e useful in following the cour,se of lo S • 
disease and in ev-aluating treatment. 

PNEUMONIA in Infancy, Sulfapyridine Treatment of, Wilson, A. T. et al. J- A. A 
112: 1435, 1939. 

In a study to determine the value of sulfapyridine in the treatment 
in infants and children, no distinction was made between croupous g^^up 

bronchopneumonia. The authors believe that it is necessary' to stu J a c 
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•^imultaTieouslj ^Mth a “sulfapx ridine group” and to compare such factors ns age, 
sc\eritj of pneumonia, and tunc at ivhich there is clinical iniproi cment, significant fall 
in the temperature, and clinical reco\en An analysis of these factors is especialh im 
portnnt in a stud} of pneumonia in carl} life, since the case fatnliti rate is so low that 
it cannot be emplo}cd ns a criterion for compaiison For example, all the patients m both 
groups in this study recovered 

Seventy patients TMtli pneunionii, half of nhom receiied sulfapi ridine, uere 
observed Anal}sis of the characteristics of the disease in the sulfap%ridine group and in 
the control group demonstrated that the tuo groups were suitable for comparison 

The administiation of sulfap\ ndme apparently shortened the course of the pnou 
nionia b} approximately three to foui da\s B} stuistical anal} sis it was demonstrated 
that the fall in temperature and the clinical rtcovei\ wcie significanth earlier in the 
sulfnp} ndine group than in the control group 

The series of cases was too small to allow ov iluation of tlie effect of sulfap} ridinc 
in presenting complications of pneumonia 

Two of the patients in the sulfapaudine group muiifLsted a course apparenth unin 
fluenced by the drug; two other patients had a relipse and one had a senes of relapses 
whene^e^ the use of the drug was discontinued One patient m the coutiol group had a 
relapse 

The optimum dosage of sulfap\rxduic needs tuillur stud\ Olisenations indicate that 
a dosage which secures a lc\cl of free sulfap^ndiut m the blood of npproximatch 4 mg 
per 100 c c IS tlierapouticall} adequate 

There were marked induidual \anations in tin Jo\c)s of sulfap} ndme m the blood 
obtained with the doses wc cmplo}cd, namch, from 1 to 1 5 grains (OOC to 0 1 gm ) 
per pound of body weight each twent} four hout'' lo b >urc that an adequate dosage is 
being maintained, it is necessar} to examine tin bl >od ticjuentl}, that is, at least dail} 
The use of a photoelectric colorimeter makes it po"il)h to perform determinations on 0 1 
c c of capillary blood 

Vomiting and ctanosis wore present in about half the patients receuing sulfap} ndine 
The C}anosis was not sufficient to cause coiKtin ii in\ instamc A number of patients 
m the control group also manifested C}anosis. and vomiting dunng the acute stage of 
theiT pneumonia Qbto patients TCceiMng suliapi ndme had cutaneous eruptions None of 
the severer drug reactions were encountered 

These prelimiiiarv observations on the elTcct ot sulfapv ndine on the pneumonias of 
mfanc} and childhood and the appaient low toxicity ot the diug m the doses cmplo}ed 
are sufficiently encouraging to warrant fuithcr study 

WASSERMANN REACTION Positive in Spirochetal Infections Other Than Syphilis, 
Murrell, T. W. Arch Dermat «. Svph 39 667,1930 

A case is reported m which an undoubted relationship existed between a positive 
Wnssormann reaction and a spirochetal infection other than svphilis 

It IS increasing!} evident that the so called false positive reaction is not n raritv, 
and if eugenic laws based on serologic reports are to be passed, this fact should lie given 
due consideration In view of the clmiiging status of such reactions, it mnv be advisalde 
to abandon the term "false positive” ns a part of the s}7ihilologist ’s nonienchtiire 

pneumonia, Acute, in Infants and Children in Johannesburg, Kark, S L , and Jaspan, 
E Soutli African J" 3f Sc 3 133, 3939 

Seven hundred and eightv four ca«io records have been examined, of which 54S are 
those ot European children and 236 non European 

The mortahtv rate of the non European children was found to be almost double that 
of the Europeans ' No attempt has been made to discuss the reasons for this difference, as 
there are far too many essential differences between these groups of peoples which have 
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not as yet been analyzed. Factors such as nutrition, structure, and mode of living have 
not been investigated, and it would, therefore, be idle for us to speculate on the various 
causes of this difference in mortality rate. 

A clinical differentiation between the lobar and bronchopneumonic forms of acute 
pneumonia has been attempted. In both the European and non-European peoples, broncho- 
pneumonia is found to be more common in infancy, whereas in older children the lobar 
type is more common. Bronchopneumonia appears to be more common in older non- 
European children than in Europeans. The difference in this series is possibly not 
significant, but the authors have stressed this aspect of the problem in the hope that other 
workers will be interested in what might prove to be a very valuable study. 

In both groups of peoples the authors have found bronchopneumonia to be a greater 
cause of death than lobar pneumonia, lobar pneumonia in the European group being a rela- 
tively rare cause of death (2.7 per cent). In the non-European group lobar pneumonia 
caused more deaths, having a mortality rate seven times as high as the European. The 
non-European mortality rate for bronchopneumonia (50.6 per cent) was 11.3 per cent higher 
than the European. 

The incidence and mortality were found to be highest in Infancy in the non-European 
series as well as the European. At all ages the mortality rate of the non-European was 
higher than the European. 

A slight preponderance of males was noted in the series. There was no sigmficanf 
difference in mortality in the two sexes. 

The highest incidence of both lobar and bronchopneumonia was found to occur in the 
winter months. Variation of mean maximum and mean minimum temperatures from month 
to month did not appear to have any significant effect on the seasonal incidence. 


LEUKEMIA, Phagocytic Activity in, Hirschberg, N. Am. J. M. Sc. 197: 706, 1939. 

Phagocytic studies, sedimentation rates, and bacteriologic studies were made in 20 
patients with various tj'pes of leuoemia. 

The number of mature neutrophiles in the peripheral blood of leucemic individuals 
which showed phagocytic activity was greatly decreased from normal, and the phagoo;(tic 
activity of the existing cells was also greatly decreased. 

The sedimentation rate was increased in most of the acute cases but was norma m 
most of the chronic cases of leucemia. 

Significant bacteriologic findings were noted in most of the acute oases. 

It seems probable that leucemia is not itself an infectious disease bat that infe^ma 
so often found associated with this disease is superimposed upon the leucemia. 
may be due to the decreased resistance of the leucemic individual, as evidenced y 
decrease in phagocytic activity of the mature neutrophiles. 

MENINGITIS, Experimental Type n Pneumococcic, Chemotherapy of, Gross, P., Cooper, 
P, B., and Lewis, M. Am. J. M. Sc. 197: 609, 1930. 

A cerebrospinal meningitis has been produced in rats with a type II 
Sulfanilamide therapy of this disease effected a marked reduction in mor a 
well as in incidence and severity of the lesions. _ . , 

Therapy with 4,4'-di-(acetylamino)-diphenylsulfone was less effective agai 

infection than sulfanilamide. . primary 

Sulfanilamide is suggested as an adjuvmnt to specific serum tlierapj , or as 
therapeutic agent when such serum is not available, as a means tonar an 
lowered mortality rate of pneumococcic pneumonia and meningitis in man. 

pneumonia. Pneumococcus Type I, Specific Treatment of, Pinland, M., and 
W. Am. J. M. Sc. 197: 151, 1939. 

The death rate among patients with tj-pe I pneumococcus pneumonia ppe-half 

concentrated tj-pe-specific antibody at the Boston City' Hospital has been true 

or less that of similar contemporaneous nonserum-treated patients. T is a- 
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m recent ^ears in spite ot the fact that the proportion of persons treated rvith serum 
his inereised from 43 to SD per cent Of the patients treated with serum before the end 
of the fourth day, the deatli rate is less than one third of the nonserum treated mortality 
Bactenemic and nonbactcncmic persons are equally influenced The greatest reduc 
tion in death rate occurs in patients under oO but those of other ago groups are probably 
aho beneficially affected b\ serum treatment Empyema occurred after serum treatment, 
chiefly in bactenemic patients, and its frequency l^as proportional to the delay in begin 
meg treatment 

Type I antipneumococcus sera produced in both horses and rabbits were potent and 
effective There are insufbeient data to indicate an% superiority of the one o\er the other 
There were no immediate allergic type of reactions observed in the rabbit serum recipients, 
but thermal reactions and serum sickness were somewhat more frequent among them 

Su?fanjJaj?jide jb the small ntimher of ea^a m nhieh it was used alone or with 
'serum seemed to influence the couise of tvpe I pneumococcus pneumonia only slightly, 
if at all 

BRUCELLOSIS Significance of Standard Laboratory Procedures In the Diagnosis of, 
Menefee E E and Poston M A Am r M Sc 197 646 1039 

There appears to be a direct iclationsliq Ittwctn riw milk consumption and skin 
reaction to briicellergm 

Skin tests are not without danger sii ce severe local and svstemic reactions are not 
infrequent 

There appears to bo little correlation between 1 in reactivity and measurable anti 
body content of the scrum 

Endermic injection of bruccllergtn will cau e a definite increase of circulating 
antibodies lu allergic patients 

Bruccllergin followed by typhoid vaccine will lause a greater and more prolonged 
II crease of circulating antibodies than bruccMcrgin alone 

Any febrile reaction will cause an increase of circulating antibodies 
In survov work a better immunologic picture is obtained bv measuring the antibodies 
at the height of the antibody response to bruccllergin 

Negative skin tests agglutinins and op«;onocy tophngic reactions do not rule out the 
possibility of Brucella infection 

Positive skin tests, low agglutinioa nnd a moderate opsonocytophagic reaction, even 
when accompanied bv suggestive signs md sv-mptoms do not prove the diagnosis of 
brucellosis 

SYPHILIS, With Special Reference to the Incidence in Relationship to Age Groups and 
Status of Therapy at the Date of Infection Hansmann G H T A M A 12 
1796, 1939 

Syphilis was studied in the various age groups in Milwaukee, with special reference 
to incidence and tlie consequences ot the disease as well as the relationship of the in 
cidonce to the development of means tor recognition and treatment of the condition 
Dependence was placed on routine admissions presentation of parents for blood 
transfusions, and post mortem examinations for reliable sampling of the public in the 
study 

The high incidence of svpUiUs which prevails in the age group who acquired their 
^vphiUs before the advent of the dwcoverj of the spirochete, the development of im 
portant arsenic and bismuth preparations, nod the knowledge of the serologic tests, indicate 
that the ground work has been laid for an imminent spontaneous fall m the incidence of 
avpliilis 

The incidence of syphilis v aries from one localitv to another, depending on the alert 
ness of the profession, the cooperation of the patient, and the provisions for the care of 
the indigent, named in the order of their importance 
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not as yet been analyzed. Factors such as nutrition, structure, and mode of living have 
not been investigated, and it would, therefore, be idle for us to speculate on the various 
causes of this difference in mortality rate. 

A clinical differentiation between the lobar and bronchopneumonic forms of acute 
pneumonia has been attempted. In both the European and non-European peoples, broncho- 
pneumonia is found to be more common in infancj.^, whereas in older children the lobar 
type is more common. Bronchopneumonia appears to be more common in older non- 
European children than in Europeans. The difference in this series is possibly not 
significant, but the authors have stressed this aspect of the problem in the hope that other 
workers will be interested in what might prove to be a very valuable stud}'. 

In both groups of peoples the authors have found bronchopneumonia to be a greater 
cause of death than lobar pneumonia, lobar pneumonia in the European group being a rela- 
tively rare cause of death (2.7 per cent). In the non-European group lobar pneumonia 
caused more deaths, having a mortality rate seven times as high as the European. The 
non-European mortalit}' rate for bronchopneumonia (50.6 per cent) was 11.3 per cent higher 
than the European. 

The incidence and mortality were found to be highest in infancy in the non-European 
series as well as the European. At all ages the mortality rate of the non-European was 
higher than the European. 

A slight preponderance of males was noted in the series. There was no significant 
difference in mortality in the two sexes. 

The highest incidence of both lobar and bronchopneumonia was found to occur in the 
winter months. Variation of mean maximum and mean minimum temperatures from month 
to month did not appear to have any significant effect on the seasonal incidence. 


IiEUKEMIA, Phagocytic Activity in, Hirschberg, N. Am. J. M. Sc. 197 : 706, 1939. 

Phagocytic studies, sedimentation rates, and bacteriologic studies were made in 20 
patients with various types of leucemia. _ _ • i 

The number of mature neutrophiles in the peripheral blood of leucemic indivi m s 
which showed phagocytic activity was greatly decreased from normal, and the p agooyn 
activity of the existing cells was also greatly decreased. 

The sedimentation rate was increased in most of the acute cases but was norma 
most of the chronic cases of leucemia. 

Significant bacteriologic findings were noted in most of the acute cases. 

It seems probable that leucemia is not itself an infectious disease but that m 
so often found associated with this disease is superimposed upon the leucemia. ^ 
may be due to the decreased resistance of the leucemic individual, as evidence ) 
decrease in phagocytic activity of the mature neutrophiles. 


MENINGITIS, Experimental Type H Pneumococcic, Chemotherapy of, Gross, P-. Cooper, 
P. B., and Lewis, M. Am. J. M. Sc. 197: 609, 1939. 

A cerebrospinal meningitis has been produced in rats with a type II as 

Sulfanilamide therapy of this disease effected a marked reduction m m 
well as in incidence and severity of the lesions. nfrainst ibh 

Therapy with 4 , 4 :'-di-(acetylamino)-dipheny]sulfone was less effec ive 
infection than sulfanilamide. primary 

Sulfanilamide is suggested as an adjuvant to specific serum therapy, or gg^gtively 
therapeutic agent when such serum is not available, as a means towar 
lowered mortality rate of pneumococcic pneumonia and meningitis in man. 


PNEUMONIA, Pneumococcus Type I, Specific Treatment of, Finland, 


M„ and Brown, !■ 


W. Am. J. M. Sc. 197: 151, 1939. ia treated 

The death rate among patients with type I pneumococcus one-baff 

concentrated tj-pe-speeific antibody at the Boston City Hospital has een r^^ ^.g^jjaincd true 
or less that of similar contemporaneous nonserum-treated patients. 



REVIEWS 


Alcohol in Moderation and Kxcess" 

T his is undoubtedlj* the best (3ieeus.<»ion of the subject tint Ins appeared «mce Emerson’s 
Alcohol and Man was published several vcar*« ago It Ins tlie advantage of brentv 
Written at the request of the Virginia Slate Legislature for '•chool use, it aroused such 
antagonism among the prohibitionist forces that it nas finalh burned not in effigr but in 
fact, m the furnace of the state capitol the builling desjgnel by Tliomas Jefferson, lover 
of freedom of speech The one thousind copies orlerel b\ the legislature were so destroved 
before thej were eyen read bv the legislators 

This book may be most liighh recommended a-, an unbiased discussion of the pros 
and cons of the subject 


Surgical Pathology of the Diseases of the Mouth and Jawst 

T his n the tenth of a series of monographs b\ Prefes or Hertzler and, like its prele 
cessora, maj be expected to take its place as an ui^stiolmg reference text He nrites 
inth a vigorous and refreshing st%le upon the le^s n Irawn from his ample experience 
It IS to be regretted that, as the author states in hi [rtfate this is the last of the senes 
His viewpoint is broad and it is apparent that his expenence m tissue pathologr is as 
extensive as hia experience in «urgerv Wliat he Ins to sir )« well worth reading The 
book is excellently pnnted and the illustrations arc on a jar nith the preceding volumes 
of the senes The photographv and microphotograi h% arc of outstanling excellence and 
are well reproduced 

This volume is nell worth its price and can »c higMv recommended 


Pocket Medical Dictionaryx 

S o MAXy, so rapid, and bo inevitable are the changes m medical terminolog) occurring 
almost from daj to dav that a medical dictionary is an essential reference 
This pocket edition, nhile, of course, not replacing the large and more complete volume , 
is still a multum jn parro, containing over 40 000 words and raanv useful tables 

As a conxement and handv reference it can be well recommended book which 

has gone through seientv five printings has established itself as a standard text 


A B 0 of the Vitamins 5 

W HILE it is tossible tliat this book is intended pnmariU for the laitv, the phvsicnu 
maj profitabL add it to liis reference libraia 

Despite the voluminous data, not altogether free from complexitj, uhich has accumu 
lated concerning the vitamins, Mi^s Gregorv, bv means of cleverh constineted charts, pre 
seats their storv not onU cleirlj, but m a most mtore tmg manner Her charts are aceunt 
m thoir data and present the matenal m a dear and concentrated way Tins book mav 
be enthusiastic illv commended 

Z~ . » \ rtf the Effects of the Lse of Alcohol on the 

'l?ohol in aioderation and Excess VSu>r ^ pharniacoloffJ Matena Xledica nnd 
Human Sjstem Bj J A tXaddell MD Pro^ssor oi ^ ^ ^ Profes«or of 

Toxicoloe> Medical Department bnlverslt> boards and cloth 184 pages 2o lllustra 

Pharmacology Medical College of -V irginia Bound in noarob 
lions $100 XV illiam Bjrd Press Inc Richmond >a 


tSurgical Pathology of the 


Professor of Surgerj Universitj of Kansas 


Piseases of ‘he MooUv and Jaiv 


s Bj Arthur E Hertzler iLD 


Cloth 248 pages 206 illustrations to 00 J 


Llpplncott Companl Philadelphia /h „ CeorBC M Gould VI!. BcM^cd bs 

DlCtionarj J^r phil.-irlelnhla Pa 


Blakistons Son &. Co Philadelphia Pa 


JPocket ^onouncing "Medical -- 

CA Brov^nlovv Leatherette ed 11 *2 50 r g XV ith a Foreword 

h, „ iA B C of the X itamins V Sun e> Cl^ml'W. Columbia Unhersit> Cloth 92 

Walter H Eddv Professor of Ph> slological L"®"” ‘ 
pages $3 00 XV llliams &. X\ ilkins Co Baltimore Md 
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Statistical Methods for Research Workers* 

HIS new edition of a well-known and deservedly popular book contains many changes 
and additions so that the book should be even more useful tlian before. 

The relation of niatheniatics to the presentation and statistical analysis of reFcarcli 
data is well recognized and even obvious. Not all engaged in ' research arc sufficiently 
oriented in the methods of the statistician to apply them to their problems. To these, this 
book will be of inestimable value for it is clear, understandable, and practical. 


Drug Addicts Are Human Beingsf 

T HIS is a book concerned with the narcotic problem. 

Dr. Williams believes that the drug addict .should be entitled to a freely available 
maintenance supply of the drug in question; that tlie Harrison Act is ineffective, uorhs 
injustice to both physician and addict, that it places both in the power of the unscrupulous 
narcotic agent, and that, as a consequence, it has given way to a “billion dollar drug 
racket. ’ ’ 

There is no question but that the handling of the narcotic problem leaves niucli to 
be desired. But tins presentation of it and bow it may best be solved would be much more 
effective if the style of this book were le.ss reminiscent of De Kniif in his he.st and most 
hysterical days. 


Physical Diagnosis^ 


P erhaps few books on physical diagnosis have been more detervedly popular than Dr. 

Cabot’s for few books of this character have been ba.scd on as comprehensive an cx 
perience or have presented the subject in a more praetical and usable manner. 

Those familiar witli former edition.s — and their names are legion will remember that 
Dr. Cabot’s book was, in essence, a mirror of his own personal experience. Its mm u ^ 
to express, as stated in the first preface, not merely what had been recommended, hut ra 
what he, by actual experience, Ijad found valuable. 

This twelfth edition marks a departure in this respect, but not in the purpose * 

character of the book as a whole. Realizing that no one individual experience, no 
how extensive, can embrace all tliat the modern study of physical diagnosis 
Dr. Cabot has associated with him in the preparation of this new edition Dr. • mm 
Adams as co-author. 

This does not mean that “the personal equation’’ so characteristic of former , 
is lost. On tlie contrary, it now presents tire results of the personal experience, no 
of the authors, but also of their colleagues in the Massachusetts General j. 

new edition, therefore, embraces even a wider field than its predecessors. It m 
size and contains numerous entirely new illustrations. . 

The intensely practical character of the book is evident at a glance just as it 
evident that it represents practical and prersonal experience. It is nitliout (ou) 
of individuality, well organized, well written, well illustrated, and well indexed. 

This book can be highly recommended nithout reserve. 


‘Statistic.al Methods for Research tVoi-kers. By R. A. Fi.sher, Sc.D., h.R.S. Cl 
356 pages, $3.50. Oliver & Boyd, Edinburgh and London. r.L.D. CloHu 

tDrug Addicts Are Human Beings. Bv Henry Smith Williams, M.D., . c., 

273 pages, $2.50. Shaw Publishing Co.. AVashington, D. C. ai-me Emeritus: 

tPhysieal Diagnosis. By Richard C. Cabot. M.D.. Professor oC Clinwa ^ ® , courses fw" 

and F. Dennette Adams, M.D., In.stiuctor in Medicine. Harvard Medical bcnoo^ ^ 
Graduates. Cloth, ed. 12, 8IG pages, 309 illustratfons, $5.00. William I'O 
Md. 
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CLINICAL AND EXPERIMENTAL 


THE INELUENCE OP VITAAflN D ON THE SERUM/l’HOSPHATASE 
ACTIVITY IN ARTHRITIS* ^ 


Paul AV Smith, Ph D , A Dro Klei\ BS \nd Irmng E Steck, IID 
Chic\go In 


I N RECENT jeais nunieious leports lia\t indicated that the phosphatase 
aetivitj of the seinm ma^ laij %ndoI\ item noimal \alues, nsualh in an 
up^^ard duection, in Iiono disea'ies of \anous t\pcs Tlie literature Ins been 
carefullj iCMewod bj Ka\,^ and more lecenth b\ JIouis and Peden * On the 
other hand, rclatnch little attention has been paid to the possibilitj of 
phosphatase actuitj changes in ehronic aithritis of the atiophie or hjpertrophic 
types, although thej inaj in\ohe osseous changes of cousideiable magnitude 
Naj® leported that plasma phosplntase actnitj \alues in aithiitis maj xaij^ 
at random, within, abo\c, oi below the accepted noimal lange Race* did not 
repoit \ allies sigiiificanth different fiom nonnal ones 

During the past fen ’veais ne ha\e had available for studj a laige mimbei 
of cases of eluonic aithritis from which all but the ati opine and In pertrophic 
t^pes ha\e been e\cluded bj caicful diagnosis At the stait of this investiga 
tion a laige propoition of these patients had been taking some form of Mtamm 
D in massne doses (150,000 to 400 000 units pei da\ ), witli results comparable 
to those prcMously described ® 

We weie mterested m finding whether the serum phosphatase aetnit. 
differs m the two tjpes of the disease and the possible effects upon it of pro 
longed administiation of large amounts of \itamin D n \ 

In all, 29 peisons were studied dnided into gioups ns follows Group A 
consisting of IS atiophic and a suhgioup of 5 In-peitiophic patients who Iiad 

th. Departments of Phjstolo^ nnd Modlcnc College of Medicine Unnersitj pf 

part of the expenses of this lmest.ff-U.on nas borne b^ a grant from the Nutrition 
Research Laboratories 

Recehed for publication Januarj 25 1839 
1227 




1226 


THE JOURNAL Or LABOR VTORY AND CLINICAL JIEDICINE 


Statistical Methods for Research Workers'’ 

'T' HIS new edition of a well known and desenedly popular book contains niani change' 
and additions so that the book should be even more useful than befote 
The relation of mathematics to the presentation and statistical analysis of rc'carcli 
data IS well recognized and eien olnious Not all engaged in lesearch are sufficicnth 
oriented in the methods of the statistician to apply them to their problems To these, tin' 
book will be of inestimable lalue for it is clear, understandable, and practical. 


Drug Addicts Are Human Beingsf 

■'T’ Ills IS a book concerned with the naicotic problem. 

■t Pi Williams beheies that the diug addict should be entitled to a freeb amilablc 
maintenance supph of the drug in question; that the Hariison Act is ineffectiie, work' 
injustice to both phjsician and addict, that it places both in the power of the iiiiscrupulous 
narcotic agent, and that, as a consequence, it has gnen waj to a "billion dollar dnig 
racket. ’ ’ 

There is no question but that the handling of the narcotic pioblem leaies much to 
be desiied But this piesentation of it and bow it may best be solved would be much more 
effectne if the style of this book were less reminiscent of Pe Kriiif m his best and ino't 
hysterical days 


Physical Diagnosis:|: 

P erhaps few books on plijsieal diagnosis bare been more desenedly popular than Dr 
Cabot’s foi few books of this character ha\e been based on as comprehensive an ev 
perience or liaie piesonted the subject in a moie practical and usable manner 

Those familiar with foimoi editions — and then names aie legion — will remember tint 
Dr. Cabot’s book was, m essence, a mnror of his own personal expenence Its aim na 
to express, as stated in the fust preface, not merely what had been lecommended, but la ler 
what he, by actual experience, had found valuable. 

This twelfth edition marks a departuie in this respect, but not in the puipose or the 
chaiactei of the book as a whole Realizing that no one individual experience, no roa er 
how extensile, can embiace all tliat the modem studj of physical diagnosis now 
Di. Cabot h.is associated with him m the pieparation of tins new edition Pr. F snn 


chaiacfeiistic of former editions 


Adams as co author. 

This does not mean that "the peison.d equation’ 

IS lost On the contraij, it now piesents the results of the peisonal expeneiici., j'"' 
of the authors, but also of their colleagues in the Massachusetts General j. 

new edition, theiefore, embraces eien a wider field tlian its piedecessors It 
size and contains numerous entirelj new illustrations. 

The intensely practical character of the book is evident at a glance just 
evident that it represents piactical and personal experience. It is without dou) 
of indiv idualitj , well organized, well written, well illustrated, and well indexed. 

This book can be highly recommended intliout leseive. 

Fishei, ScD, FKS Clotli cd 

hUV Cloth 


jr D , B Sc , 


•Statistical Methods for Research Woikers Bv R A 
356 pages, $3 50 Oliver A Bovil, Edinburgh and London 

rDrug Addicts Aie Human Beings Bv Henrv Smith William 
273 pages, $2 50 Shaw Publishing Co , Washington, DC. u,.inc Emeriue 

fPhv sical Diagnosis Bv Richard C Cabot M D . Professor of Chnica „ ? course' fot 
and F Dennette Adams, XI D , Instructoi in Medicine, Harvard Medica b more 

Gladuates Cloth, ed 12, 84G pages, 309 illustrations, ?5 00 William vvooo 
Md. 
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CLINICAL AND EXPERIMENTAL 


THE INFLUENCE OP VITAMIN D ON THE SEUUM^IIOSrilATASB 
ACTIVITY IN ARTHRITIS' ^ 


PAur^ "W SjtiPH, Ph D , A Dro Klein B ^ wn Irmng E Stecn, M D 
Chic\go, III 


I N RECENT jears numeious reports Jia\o indnated that the phosphatase 
actiMt} of the serum ma\ \nclch fiom normal values, usually in an 
upv\aid direction, in bone diseases of various tvpts Tlie literature has been 
carefully reviewed bj Kaj,^ and nioie loeentlv hv Alonis and Peden “ On the 
othei hand, lelatnclv' little attention has been paid to the possibility of 
phosphatase activity changes in chiomc aithntis of the atrophic oi hj'pcrtrophic 
types, although they inaj involve osseous changes of considerable magnitude 
Kaj^ leported that plasma nhosphatase activity values in aithiitis may' vary 
at landom vvuthm, above, oi below the accepted noimal lange Race^ did not 
leport values significantly diffcicnt from noimal ones 

During the past few yeais we have had available foi studv a large number 
of cases of chronic aithntis fiom which all but the atiophic and liypertiophic 
t'pes have been excluded by careful diagnosis At tlie start of this mvestiga 
tion a large pioportion of these patients had been faking some form of vitamin 
D in massive doses (150,000 to 400,000 units pei day ), with lesults comparable 
to those pieviously desciibed ® 

We weie interested in finding whethci the seium pliospliafnsc aetivitv 
differs in the two types of the disease, and the possible effects upon it of pro 
longed administiation of large amounts of vitamin D 

In all, 29 persons were studied, divided into gioups as follows Gioup A 
consisting of 18 atrophic and a subgioup of 5 hviieitiophic patients who had 

the Department, of Phjsiolo^ ana Medlc.ne College of Jledicne TJ^i^er.UJ of 

J'""a part of the expen.es of tips Imostigat.on borne bv a grant from the Nntrltlon 
Hesearch Laboratories 

Recohed for publication Januarj 25 1939 
1227 





3228 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


been receiving vitamin D prior to the first phosphatase observations, ivliich ivere 
made at intervals of approximately one month with occasional omissions viien 
patients did not report regularly. The observations extended over periods of 
three to nine montlis. Group B, 6 atropliie patients upon whom were made bio 
phosphatase determinations, one week apart, after which viosterol administration 
was started. Observations then folloived at irregular intervals of one week to 
one month, extending over five months while vitamin D administration con- 
tinued. 

In addition to the foregoing, a group of normal subjects, 19 in all, were 
studied, to establish a normal range of individual variations as ivcll as a normal 
group range with the methods of analysis used. 


T.'vbi.e I 


Phosphatase Activity, Bodansky Units, Nop.mai. Young Males 


SUBJECT j 

AGE 

BLOOD 

PRESSURE 

FIRST 

MOXTir 

SECOND 

MONTH 

THIRD 

MONTH 

fourth 

month 

VARIATION 
GREATER 
than 1 UNIT 

.VVEHAGES 

E. C. 

27 

125/70 1 

2.20 


3.20 


1.00 i 

2.79 

H. DeC. 

49 

210/120 

4.00 

3.25 

3.82 



.^.(19 

P. K. 

26 ! 

124/70 

3.02 

2.90 ' 

1.98 


1.04 

2.G3 

B. A. 

9 ^ ' 

119/74 

2.01 

3.42 

1.98 


1.44 


tv. 

24 

127/84 

4.29 

4.02 

3.86 


1 

4.00 

K. ! 

22 

123/73 

2.54 

2.21 

2.76 



2.50 

R. L. 

17 

120/73 

4.29 

3.96 

4.10 



4.J2 

(Highest) 

L. B. 

28 

136/83 

1.77 

2.90 

2.36 

2.0 

1.33 

2.20 

G. 

21 

121/78 

4.20 

I 3.84 

3.60 

4.19 



D. E. 

23 

118/70 

3.50 

1 3.47 

3.51 

3.14 



E. L. 

22 

110/90 

2.92 

3.54 

3.54 



0 QQ 

D. K. 

23 

135/80 

3.24 

; 3.90 

2.91 

3.51 



Y. T. 

21 

129/86 

3.28 

2.90 

3.81 

3.50 


irll 

C. 

20 

126/78 

4.41 

; 3.81 

4.21 



0 5i 

C. M. 1 

26 

129/83 

2.95 

2.61 

2.05 



0 7Q 

J. S. 

22 

123/78 

1.98 

3.64 

2.76 


1.66 

4 n 

B. 

24 

130/85 

3.96 

4.23 

4.11 



1 94 

D. V. 1 

22 

126/90 

2.01 

1.90 

1.90 



(Lowest) 

H. C. 

24 

120/78 

3.52 

2.89 

0.40 


1.11 

3.47 








Average 



L-v® 


All phosphatase determinations were done by the method of Bo 
Avith the modification that serum inorganic phosphate ivas determine lo 
mixture containing serum, buffer, and substrate, in every way 
the hydrolysis mixture except that trichloracetic acid Avas added immc la 
after addition of the substrate. Because of the interference of both t ic s 


strate (sodium beta gljmerophosphate) and the trichloracetic 


acid w'itli the 


deA’elopment of color in the Kuttner-Lichtenstein method for inoigan'O^l 
phate (BodanskA^'), the A’alues for serum inorganic phosphate aie on o 
extent of about 10 per cent. Since the inorganic phosphate li iera 
h3'drolysis is obtained bj- the difference betAveen this first deteinnna lo’^^ 
one after tAvo hours’ incubation at constant temperature, the unit 
phosphatase activity are reasonably accurate Avithout correction. 
phosphate analyses Ave used a photoelectric colorimeter Avith a 
spectral filter. Since the instrument is caliberated Avith phosphate s a 
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o^er a Aide lange of eonetnti.itioiis, deMutions fiom the Beei’s la\\ do not 
mtioduce an eiioi 

Theie Mas no possibility of maintamnifr eithei the e^peiimental oi normal 
subjects on a standard diet, and diefaij laiiafions may possibly lia\e con 
tributecl to the \aiiabihtj of phosphatase actnitj obsened in indnidnals 
fiom month to month, since riecman and raimei® demonstiated that values 
maj inciease on a hipfh cailiohjdiatc diet and deciease as a icsnit of a high 
piotem diet Venous blood samples ueie taken routinely in the afternoon 
slioitlj aftei hineh Bodanskj and dafte' mdieatecl that theie is no detectable 
difference betueen samples taken nnniediatelj aftei a meal and after a brief 
fast 

In Table I ai e gn en the phosphatase r allies foi a conti ol gi oup of 19 adult 
males With one exception (a man of 49 areiage blood piessiue 210/120) 
all Mere betneen the ages of 17 and 28 and gave noimal average blood pres 
sure readings, which facts aie paitial evideme of good geneial health 


OI II 2l 31 4l 51 6 

NORMALS 1 1 1 

SERIES A 

HYPERTROPHIC 

ATROPHIC 

r 1 ~) 

L . . J' ■ ■ Ji 

SERIES 6 

BEFORE VIT D 

1 1 . 1 

Ezzsa 

1 1 — ^ 


AFTER VIT D 

mum 


Fig- 1 —Distribution of the phosphatase acti\it\ of nil experiments Scale represents 
HoaansKj units hea\j lines <li\ldmff rectangles averages cross hatched rectangles senes B 
serum inorganic phosphate Scale represents mg phospboiu« per 100 cc of serum 

The highest phosphatase activity oucountered was 4 41 units and the 
lowest 130 In 0 of the 19 subjects oi 32 pei cent monthly vaiiations e\ 
eeeded 1 unit, the greatest vaiiation being 166 units As shown in the last 
column, the averages of tlie thice oi lorn determinations on a single subject 
ranged from 1 94 units to 412 units, with a geneial average of 3 21 All of 
these fall within, oi leasonablv close to, the iioimal range of 1 5 to 4 0 units, 
as defined bj Cantarovv 

In contrast vuth these results observe the spread of values in Table II, in 
^\h^ch aie summaiized the values foi group A, artbntic patients iceciMug 
Vitamin D Tlie lowest value encountered vvas 0 44 units patient B B , and the 
highest 5 40, patient P J The individual averages revealed a spread of values 
from 0 92 to 5 08 units The general aveiagc foi the IS atiophic patients was 
2 69 units, and foi the 5 hjpeiti opine patients 3 67 In 14 of the 23 ati opine 
and hj pertroplnc patients (61 pci cent) tlie vaimtions from month to month 
exceeded 1 unit, the greatest being 2 65 units in patient B B 

These gioup averages and the spicad of values aie giaphicallj picsented 
in Pig which also includes the coinpaiabic data for the noimal contiol 

subjects 






Table II 

SuKUM Phosphatase Activity, Bodansky Units, After Prolonged Administration op Vitamin D. Atrophic and Hypertrophic Arthritis 
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There is no apparent correlation between tlie pliospliatase activity and the 
clinical picture in this group of patients, as indicated by the following brief 
protocols, representing patients who received varying degrees of relief as the 
result of vitamin D therapy. 

Patient: B. M. 

Date of Admission: July, 1936. 

Complaining of : Pain, stiffnes.'s, swelling and deformity of hands, left hnee, ankles, and 
feet (seven years’ duration). 

Findings to Date: March 3, 1938, The swelling was much decreased; pain was present 
only when grasping objects. She had no pain in hands when washing dishes, although the 
stiffness was about the same, and sire was still unable to close her fingers tightly. The flexion 
of the left knee was markedly improved ; she was able to extend knee fully, and there was 
very little swelling. There was no pain in knee on resting or walking. Very little swelling 
in the left ankle, although the right ankle was still swollen, and both ankles gave pain when 
patient walked or stood for any length of time, Tlrere was no improvement in the ankles 
as far as pain was concerned, and both feet were still painful. 

Svmmary . — There was improvement in the hands and the left knee, but no improve- 
ment in the ankles and feet. First phosphatase determination was made on Feb. 2, 1937. 
Serum phosphatase showed fair constancy, slightly above 2 units. 

Treatment : The patient received 150,000 units of vitamin D (ertron) daily, wth 

period of therapeutic vacation. 


Patient; E. C. 

Diagnosis; Atrophic arthritis. 

Date of Admission; October 1, 1937. 

Complaining of; (1) Pain, swelling, stiffness and limited motion of both clbons; (>.) 
pain, swelling, stiffnes.s and limited motion of both wrists; (.3) pain, swelling, stiffness a® ^ 
limited motion of hands and fingers; unable to close fingers and had a very weak gnp, 
(4) pain, swelling, stiffness and flexion deformity in both knees; (5) pain, swelling, s > ^ 
ness and limited motion in both ankles; (6) pain and swelling in neck and jaw (four jears 
duration). 

Findings to Date: March 17, 1938: When patient was first admitted, she 
of severe pain in both elbows on pressure, and was unable to move elbows on account o p. 
She had no pain at this observation in either elbow on ordinary motion, and onlj sig' ' ^ 

on pressure. She was able to comb her hair, and could lift a pail of water with P 

■ ■ ^vere much de- 


vhatsoever in either elbow. The pain, swelling, and stiffness in both wrists 


creased, and there was a slight increase in motion of wrists; she also had grc.iter po 
both wrists. She could now wring out towels with no discomfort, w-hile on admit • 
was unable to perform the.se tasks. The swelling and flexion deformity of hands 
were greatly decreased and she was able to close fingers completely, with a rerj g 
whereas on admission she could not use a pencil to w'rite on account oi ui ^ 
fingers. The pain, swelling, and stiffness of both knees were much less; she was a 
more freely and to straighten out knees more readily. She walked 8 blocks g^gnler 
work without any discomfort ; .she was unable to do tliis when admitted. S '® 
mobility in ankles; swelling and pain were much decreased, with only occasion, 
ankles when walking. jliglitc.st 

Summary: On admittance to the clinic this patient was tired and weak, 
exertion e.xhausted her. She had gained about 20 pounds and was stronger an 
.s-o easily. She was unable to hold a job on admittance, but liad been emp jp (lo 

1938, and worked eight hours a day, made her own meal on coming home, an 
this without any strain. On admittance she had pain all the time whether re. 
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tion She Ind p'\in onl^ occi'^ionnlh on wnlkin^ nt the finil obsei^ition Pirst pliovph xtnse 
determin'ition n is miilc on Feb 2, IQ”? Serum pho plintn^e \ ined nt r'lntlom nith tendency 
toward n decrease over the total peiiod of Ob'-on at Jon 

Trediment Tlie patient recoiiod 180,000 units of iitamm D (iiosterol), treatment 
continued 

Patient A L 

Diagnosis Atropine irtlintis 
Date of Admission Tan 14, in'*? 

Complaining of Pain, '?uellin^ and vtiffne s in all ioint« (two months’ duration) 
Findings to Date April, 1938 On adim<?sion patient could not drc«s or feed himself 
on account of severe pain, swelling; ind MilTnos., in both shoiildei*?, elbows, hands, 

and fingers He c imc to the clinic m a whoelclimr, ho coul 1 not ualk on account of the pain 
in the ankles ind knees 

At find ob«er\ntion this pitient \\ is norl mg eight horns a da\, was able 
to dress and feed hini«elf, could w ilk without pun or an\ li«comfoit Fir«t phosphatase 
determination wa«i made on Jan 14, 1037 V decline ot p!i >spliata=e ictiiifi m earl} months 
of vitamin D therapj was followed l>\ a rise, similir to pifients of series B, Table III 
Treatment 150,000 units of \itamm D (ertion) discontinued m October, 1937 

Patient MG 

Diagnosis Atrophic arthritis 

ige Thirt} five jcar« 

Date of Admission ^o'en^ber, 

Comptaimng of Flt\joa deformiti of the elbow pun, swelling, and stiffness 

of both wrists, both hinds, and all fingcr«, fle\ioii Ictoiiniti ot left knee and right ankle 
Gradual onset (four jears’ duration) 

Ptndtn^i to Date April 13, 1038 On idmis i<m the pitient could not dreSs or feed 
himself, both hands were weak and painful He umUI not lift light object'* At present he 
can do all of these without difitculti The stiffness and suillmg of both hands weie improied 
The swelling, stiffness, and pam m the left knee wore conipletelj al «ent, and he could walk 
long distances without an^ pain, wl»erea<5 on admis-jon to the clinic he could walk onlj two 
blocks and then had to rest on account of pain in left knee and right ankle The fle\ion 
deformitj had improved to the eNtent that he could extend tlie knee to about ICo 

Summary The patient was much stronger, ho could walk with le-^s difficult} His 
wrists, hands, and fingers were stionger, although the stiffnes.. and swelling were still present, 
pam was absent, except on exertion The pitient had gamed IS pounds First phosphatase 
determination was made on Jan 2S, 1937 Pho-phatasc \aried at random mer a range of 
1 18 units 

Treatment This pit.ent recened 130, 000 to 200000 units of iituniiu D O-iili , ho is 
Mill under treatment 

Patient F J 

Date of Admission Juh, 1930 

Comvlmmno of The patient compi lined of pam m tlie hack of neck, pam on motion 
of both shoulders, pam and fleaion dcformita of both clboiis, nitU “olecranon bursitis m 
both elboiis He also coniplamod of pam stiffness, siiellinir and limited motion of hands 
and Angers, pain and stiffness of both knees, para, stiffness, and swelling of both ankles, and 
seiere pam on the soles and heels of both feet (three jears* duration) 

Fimlmgs to Date March S, 1118 The pam m the hack of neck had coropletelj dis 
appeared There was only slight pim m the shoulders and lie could inme slioulder joints 
ivithout feeling anj pam He had no pam m the elbows, honevir, the deformity had not 
improted The motion nas still limited, but he could moic elbows lutliout any pam The 



1234 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


swelling in the hands varied. He was able to u.se his hands without pain, whereas on admif- 
sion he could not hold a cup in his hand. He now had a good grip and could work, i.c., hold 
a hammer firmly, etc. He wa.s able to clo.ee fingers almost fully at times. He had no pain 
in knees, only slight pain on arising in the morning, which disappeared within fifteen minutes. 
He had no more pain in either ankle, although the swelling was still prominent. The heels 
and soles of both feet were painless, and he was able to walk long distances without pain or 
discomfort. 

Summary : This patient was badly crippled and unable to walk when he was admitted to 
the clinic. In fact, at times he had to miss visits to the clinic because he was not able to 
walk to the street car. He could not feed himself because of severe pain in hands and fingers. 
At final observation he could do manual work without discomfort, and he could walk long 
distances without an}' pain. He claimed he felt much stronger generally. First phosphatase 
determination was made on Feb. 4, 19.T7 ; phosphatase was very high. His condition remained 
quite stable around 5 units. 

Treatment; The patient received 150,000 to 250,000 units of vitamin D (ertron) 
daily and is still under treatment at 200,000 units per day. 


Tabi.e hi 

Serum Phosphatase Activity ix Atrophic Arthritis. Vitamin D Administr.vtion Begun 
After Second Phosphatase Determination 
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that impiovcmcnt an the elinieal pictuie seems to eoaiespoiid ivith the magni 
tudc of tlic difletenee between pieinedwtion and postmedieation aveiages The 
groaip as small, how ev ea , and w c do not Icel at safe to pa css thas poant 

ratie7if T U 

Atropine nitliritis 

Date of -ttrZjiiwsjon March 31, 1937 

ComuJauung of (1) Pain, stiffne '• anj flexion deformity of both elbows^ f2) pain, 
sncllmR 8tifTne«s, and limited motion of both nrists (3) both liands and all fingers pain 
fill and suollen, (4) pain, swelling, and stiffness m both knees, (5) pam, swelling, and 
‘•tiffne in both ankles (three jears* duration) 

Findings to Date Starch 37, 3938 There nns less stiffness and flexion defornuti 
m olbowb and the patient could extend both elbows more easily than on admission She had 
icry little pam m either elbow, anil she could use her wrists more frcelj The swelling on 
the right wrist had decreased, but she had a huge ganglion over the left wrist She com 
[lamed of no pain in hands or fingers nnd could ilost fingers, whereas on admission she 
could not do this due to the severe pain She ha 1 a good strong grip The swelling m 
both knees had decreased On admission she had «enje pain in knees either o» resting or 
walking She avas now able to walk 3 imie or niori without pam m cither knee The pain 
and swelling in both ankles wore definitely decrea‘'el in t flicre wa® no pain in ankles when 
walking 

iS’wmwrtri/ The general coalition of this pan nf ) 1 improved greatly She was weak 
and the slighte''t exertion exhausted her when «lie fir-i -me t> the clinic She gained about 
S pounds She wag not able to walk when first she ime to the clinic, but she was now able 
to do light housework with no discomfort 

Treatment Tins patient receired 150 OOu t 'OoOOo units of vitamin 13 (ertron) 
since admittance She i» atill under treatment 

Patient A 

Date of Jdjnis^ion Apiil 1937 

Complaining of Pim swoliing and crepitation of both knees 

Comparatiie Findings \\ttil H 1038 On admission the patent had severe and con 
tmuous pam m both 1 necs She was umble to sleep ind she lould not walk on account of 
pain At the latter date she wav able to walk 8 or 9 blorJ a with very flight pain Crcpita 
tion was Rtill present m knees, but no swelling 

Summary On admission this patient vouhl Imrdlv walk A year later she could walk 
With verv little difficultv Crepitation was vtiH jmsent bat thcie was no swelling 

Treatment This patient received lehOOp units Mtannn D (ertron) with no periods of 
vacation She is still under treatment 

-Patient J M 
Ige Fifty tlirec xcais 

Diagnosis Atrophic arthriti* 

Date of ^dniissioa April 15, 1037 

Complainijip of (1) Pam and fle-vion deformitv of both elbows, (2) pam swelling 
and limited motion of both wrists ind both liinN (") pnm, swelling and stiffness of all 
fingers (4) pnm and swelling in both knees (5) pain in both feet and all toes (eight xears’ 
dur ition) 

Fiiidxng to Date Mtitdi 10, 1030 The patient still eomphinid of pun and fitxion 
deformitv m both elbows, and pam and vwellmg m both wrists, also of pam and slight 
swelling m her hands and fingers, less pam m Inces feet and toes She was able to walk 
more freely 
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Summary: There was no improvement in tlie elbows, wrists, and liands, hut there is 
less pain in knees, feet, and toes. 

Treatment : The patient received 150,000 to 250,000 units of vitamin D (crtron) daily 
with periods of therapeutic vacation. She is under treatment. 

Patient; P. E. 

Diagnosis ; Atropliic artliritis. 

Date of Admission : May, 1936. 

Complaining of; Pain in slioulders, elbows, wrist.s, fingers, knees, and ankles (two years’ 
duration). 

Comparative Findings; July 21, 1938. Patient still complained of severe pain in all 
joints. 

Summary: Condition showed no improvement. 

Treatment : This patient received 150,000 to 400,000 units of vitamin D and is still 
under treatment at the clinic. 


DISCUSSION AND SUMMARY 

Those patients tvho were examined for serum phosphatase activity after 
prolonged medication with vitamin D have, in general, a lotver serum phos- 
phatase activity than do healthy normal sub.jects. Tliat this is an effect of the 
vitamin in large doses there is little doubt. Page and Beside” observed lowered 
phosphatase activity after large doses of vitamin D, attributing the fall to toxic 
impurities in the preparation. Crimm and Strayer,^“ lioivever, believed that the 
lowered phosphatase value is a manifestation of the toxicity of high dosage 
with vitamin D, independent of impurities. There is no evidence that t le 
arthritic state in itself is associated with a loivering of phosphatase actiiifi, 
indeed, in those cases investigated before medication both high and low values 
ivere encountered, and in the large series summarized in Table 11, there mcic 
many vmlues above normal, especially in the hypertrophic eases, despite pio 
longed vitamin D administration. The serial determinations on the indiiiduas 
in this study who had lieen receiving vitamin D over a long period of time s 
either a random variation about the average vmlue or a dowmvard trend, 
tendency for the values to rise after an initial fall in the B group of 
might be ascribed to a developing tolerance to the toxic effects of 
after ivhich a plateau is readied, this being the approximate status o ic 

luc of 

The fact that no apparent correlation exists between the absolute i a 
the phosphatase activity in units and the degree of clinical ^ 

the A series (Table II) is perhaps to be expected, since Table III ( 
indicates the possibility of a correlation between degrees of 
and magnitude of the .shift from premedication values, but not betne 
provement and absolute phosphatase values. .. . 

In this regard it should be profitable to study the ” ,j.(,vc- 

in arthritis under other types of treatment to ascertain w'hethei e i 
ment obtained in a high pereentage of cases as the result of x itamin ^ P 

is a specific response to the reduction in phosphatase activity w in 

causes in susceptible patients, or whether improvement anc le 
phosphatase aetivity’^ are merely coincidental. 
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CONCLUblONS 

It IS eoncladcd fiom tins stud^, fiist, that &oium phosphatase acfni^ 
does not pionuse to be of \aluo as an objeetue diagnostic aid in aithutis due to 
the inde distiibution of \alucs abo\e, beIo^\, and uithm the noinial langc 
The possibility of its ^alue as an aid m diffeientiating beh\een the atrophic 
ind hjpeitiophic types is again negated by the uidc distiibution, rcgaidless 
of the some^\hat higliei a\eiagc obtained b\ us on a limited numbei of liyper 
trophic cases 

Second, theie is a possibility that the sliilt in the seiuin phosphatase ae 
tnity, A\Iiich ue ha\e obseued to oeeiu m patients who have ultimateh benefited 
from vitamin D, might piove to constitute a basis loi piediction as to the 
suitabilitv of such theiapv ruithei iiuostigation is needed on this point 
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THE NEURAL DEPRESSING EFFECT OP TRICHLORETHYLENE' 


H. S. Rubinstein, Ph.D., E. Painter, Ph.D., and 0. G. Harxe 

Baltiaiore, Md. 


T RICHLORETHYLENE has been used with a fair degree of success in the 
treatment of trigeminal neuralgia (Plessner, 1916; Glaser, 1931). Tiie 
beneficial effect derived in these cases was considered to he due to the specific 
depressant action which this chemical exerted upon the trigeminal nerve. For 
this reason, and because of the preponderant innervation of the dura l)y tlie 
trigeminal nerve (Poerster, 1926), this same drug was used in a series of mi- 
grainous patients with encouraging results (Rubinstein, 1937). 

However, because examination of such treated patients failed to disclose 
a limited trigeminal anesthesia which observation substantiated the findings of 
others (Goldberg, 1924; Bieder, 1921), it became ciuestionable whether tri- 
chlorethylene did produce its effect through a limited specific action. The fol- 
lowing study was therefore undertaken. 

A series of dogs was anesthetized with ether and tlie dura mater and right 
sciatic nerve of each were exposed. Each animal ivas then allowed to come to 
a very light anesthetic stage. Observations were then made in which the dura 
mater and sciatic nerve were stimulated with a faradic current. Since tlic 
dura is free from nerve endings in many of its areas, exploratory stimulation 
was carried out until a response was obtained (see Pig. !)• This selected point 
was then used for subsequent stimulation. The response was measured as dm la- 
tions in blood pressure obtained through a recording manometer inserted into 
the carotid artery. 

Following a series of responses observed under deep and light ethei ancs 
thesia, the animal was allowed to inhale 2 to 3 c.c. of trichlorethylene a lu 
istered through a tracheal cannula. The animal soon went into a deep s eep 
during which time stimulation of the dura or sciatic failed to produce aiij 
flex effect upon blood pressure. As sleep wore off the dura and sciatic 
were again stimulated with faradic current and observations were again nia^^ 
Fifty-two such observations were made before and 52 after the use o 
chlorethylene. . . , 

All data obtained were tabulated and treated by the usual 
methods (Pearl, 1930). Means for each series of observations ^ 
pared with their respective controls and ratios of significance weie etern 
Ratios of 3 or more were considered to be significant. 
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